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[“I believe the day must come when the biologist will—without being a mathema- 
tician—not hesitate to use mathematical analysis when he requires it.”—Karl 
Pearson, in Nature, Jan. 17, 1901; quoted by D’Arcy Thompson, in Growth and 


INTRODUCTION 


=] NATOMY is a process, not a state. This is most completely 

fj true before the body reaches “adulthood.” At any time, 

a) then, it is the result of all previous living. In so far as it 

=| changes, ideally the changes are measurable. If the changes 

follow natural laws, they admit of formulation. The formulation is a 
description in the language of mathematics. 

In anthropometry, the quantitative relationship between two di- 
mensions of the body is expressed as a ratio, known as an index. In 
the statics of anthropometry, this is the only kind of index possible. 
But in the world postulated by the first sentence, two kinds are possible. 
The one is the relationship between a somatic dimension y and another 
one x ; the other is the relationship between y or x and the time-dimension 
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t. #, y and ¢ are changing continuously; hence the index can never 
be expressed as a mere single numerical quantity ; rather, it is an algebraic 
formula, more or less complicated.? 

The relationship between x and y I shall call a “somatic” index; 
that between y or x and ¢, a “parametric” index. 

In this part of the study, we shall deal only with parametric indices, 
leaving somatic indices for Part II; except for one or two observations 
on somatic indices which will make clearer the biological significance 
of the parametric index. 
A 


The first of these two observations is an enlargement of the criticism 
recorded in the citation just made. Scammon and Calkins? have said: 


“The most important result of this work is the establishment of a new principle, 
that in general the linear growth of the various parts of the body is in uniform 
ratio during the fetal period. This seems at first glance to contradict the well- 
known fact that the proportions of the various regions change during this period, 
the lower limbs becoming relatively larger and the head relatively smaller. But 
the present study demonstrates clearly that these changes in proportion arise, 
in spite of the constant fetal growth ratios, through inequalities already estab- 
lished in the earlier embryonic period. The newly recognized law of uniform fetal 
growth ratios is shown to be in complete harmony with the previously known 
“law of developmental direction.” 


This treats of the kind of index, y = f(x), which we shall examine 
in Part II. Nevertheless, both y and s—two given somatic dimensions— 
grow each with respect to time ¢. The pattern of this growth will 
determine the way in which the one (y) grows with respect to the other 
(x). 

No one will dispute the fact that growth in time registers a curve 
for a graph. And I have yet to see such a curve for the fetal period 
which either tests out or appears by inspection to be other than curvi- 
linear, probably exponential or logarithmic. That logarithmic curve is 
frequently likely to be of the very special type known as a skew logistic. 
Dr. Edith Boyd* has published unsurpassed examples of this type. 


*See Human Buroocy, 14:2: 143 ff. 
*R. E. Scammon and L. A. Calkins: The Development and Growth of the 
External Dimensions of the Human Body in the Fetal Period. Minneapolis, 


1929. Preface. 
* Boyd, Edith. Outline of Physical Growth and Development. Burgess Publish- 


ing Co. Minneapolis, 1941. 
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Furthermore, I have never yet seen a curve of a somatic growth for the 
first few years of postnatal life that is not logarithmic ; and that logarithm 
projects back approximately to o for the measurement at the time-point 
of conception. It is, however, well-nigh impossible to find data for one 
and the same measurement for both fetuses and infants of the same 
race and sex. It is quite likely, and is even boldly asserted by some 
investigators,* that the first years of postnatal growth continue the 
fetal curve. And yet, Scammon and Calkins have made an unequivocal 
claim in the passage cited. That claim rests on curves drawn admittedly 
by inspection. There is no indication, as far as I can find, that the 
line-fitting was done by the regular mathematical methods. And none 
of their straight lines in their field graphs fits their own constellations of 
samples—the one end or the other of their lines derails from the track 
of their data. In some cases they have, indeed, been under necessity 
of breaking off their straight line and resetting it in a slightly altered 
direction (see their field graphs nos. 25, 43, 44, 46, 47, 48). This 
should be enough to disprove their claim of a law of rectilinear ratios 
in growth. I think that the notion of rectilinearity is due to the fact that 
logarithmic or exponential curves are very gradual over parts of their 
travel; clearly so during the fetal period. But obviously the question 
of logarithm versus straight line is of more than theoretical importance— 
though theoretical importance is enough to validate the discussion. 
I wish therefore to analyze the matter a little further. 
If two dimensions y and x preserve a constant ratio of growth be- 
tween them according to the formula y = ax + C, then 
ay 
dx 
What, however, are the values of se and oy 
I have already remarked that probably or usually y and + are related 
to ¢ logarithmically. Let y = ay + cy log t, x = ag + c, log t. Then 
dx 


=> 4a. 


— —%_, which is a constant. 
dx Ce 


“See eg. Portmann, A. Die Tragzeiten der Primaten. Révue Suisse de 
Zoologie, 48:3:511-517. Basel, 1941. 
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This would allow Scammon and Calkins to be correct. But empirical 
data are against this. A curve of the type y = c log?¢ is too abrupt. At 
least one more term needs to be introduced ; and we have 


y = a, + byt + cy log t 
*=a,+ byt + cz logt 


From these we get 
-4343%y 
t 
and 
fy 


dt dy ___ byt + .4343¢y 
dx dx bet + .4343Co 
“dt 
Unless by = bz and cy = cz, this ratio cannot equal a constant; there- 
fore y and x cannot grow in a constant ratio, and cannot plot a straight 
line. 

If by = be, cy = Cz, then the only difference between the values of 
y and x come from a, and a,: y and x would plot as parallel curves 
against ¢. This is not an impossible situation, but it would be an ex- 
ceptional one. It is not the situation in the case of Scammon and 
Calkins’ data. 

In my previous paper, two dimensions, postnatal to be sure, re- 
sponded to the formula x or y = a + bt + c logt; when their ratio 
was taken, they yielded the formula y = ae’*; whence = = abe”. 
It would seem, aprioristically to be sure, that fetal growth se hardly 
follow a principle of rectilinearity and then undergo a radical alteration 
postnatally to an exponential one. 

I have said above, that parallel growth-lines are not impossible. I 
mean that, over a stretch of time, for instance from birth to age 6, one 
might find two logarithmic curves running approximately parallel, 
so that when the parameter ¢ (time) is eliminated and y is plotted 
against x, the result is practically a straight line. But if we had the 
prenatal data as well, it is likely that our two postnatal curves would turn 
out to be fragments of the long arms of skew logistics of the type 
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illustrated by Dr. Edith Boyd; in which event the failure of our two 
fragments to coincide approximately would be due to a disparity in the 
short arms of the skew logistics which occur in the initial months of 
prenatal life. The formula for the skew logistic would be 
K 

so that again = could not be a constant. The straight-line relation- 
ship would then exist only approximately over a part of the length of 
the mutual locus of # and y. 


yorrs = 


B 


In Figs. 1 and 2 (A and B), I have introduced some sample curves 
where one somatic dimension is plotted against another. The equations 
are immaterial until we come to Part II; the fact that the curves are 
unruffled by growth spurts is important. It relegates any growth spurts 
to the other kind of index—a somatic dimension plotted against time. 
Fig. 1 would picture the growth-pattern of the height-weight index 
It is important to note that the same formula which would fit in child- 
hood is still the formula that obtains at completion of stature—the body- 


cm 
Fic. 1. CHutnese—New Born to Aputt. MALE AND FEMALE 

(Data of Wu and Soong.) 

y = weight; + = stature. 
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build seems to have been planned already as far back as the data carry 


us. There is no change, for instance, at the onset of puberty, and during 
acceleration of growth in adolescence. 


The height-weight index is a common one in static anthropometry. 
But the kinetic viewpoint brings out what may be taken as a flaw. 


mm "MALES FEMALES 


RANGE OF A: MALES 15-50 
FEMALES 14-95 
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Fic. 2A. Pervic Breapra/Trunk Lenctu 1n Soutn Russtan Jews 
(Data of Weissenberg.) 
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Weight obviously is partially correlated positively with height.5 When 
we trace a curve of relationship between height and weight, we really 
have plotted stature against some product of stature-breadth-depth— 
thus introducing a dash of “spurious correlation.” But at least breadth 
and depth have not “jogged” our line anywhere, though shoulder-breadth, 
for instance, is known to increase in a rate different from stature, and 
it continues after stature-velocity has reduced to zero. 

To bolster my argument, therefore, I have introduced Figs. 2A and 
2B. While both dimensions naturally increase during the growth-period, 
at least one is not part of the other. Again we have some kind of 
exponential curve—the formula does not matter here—showing absence 


of “spurting” in the line at any age-point. 

And so we come to examining the parametric index, y:¢ (see Figs 
3 and 4). 

There are many, many curves in the literature which plot various 
dimensions over a period of time. But no descriptive formulae are given. 
A graphed curve without a formula is an indicator-hand unbacked by a 
dial. That the indicator swings or oscillates is quite visible; but its 
behavior cannot be read. 

On the other hand, a portion of a line, especially when the line seems 
irregular in its bends, is inadequate for constructing the dial. Nothing 
less than data from birth to adulthood will suffice—it were better to start 
far back in the prenatal period; but we must not be unreasonable— 
and the samplings must be large, the sexes reported separately, the 
populations sufficiently homogeneous so that bimodality of hybridization 
will not disturb the course. 

As standard I have therefore chosen the means for stature in Chinese 
as reported by Wu and Soong.® The reliability or limitations of these 
data the reader may judge for himself by consulting the reference. 
They are quite adequate for our purposes, and as valuable as their ilk 
is rare. 

I must add that I have examined the curves of many sets of data, 
from different parts of the body, and more or less extensive in the 


* Among adult male Cantonese, r for height and weight is given as +.551. 
See Uttley in Trans. Roy. Soc. Trop. Med. and Myg., 35 (4) : 223-228, 1942. 
*Wu, C. H., and Soong, S-C. The growth rate of Chinese. Amer. Jour. 


Phys. Anthrop., 28: 4: 357-373, 1941. 
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growth-period they cover. In all cases where the data of the means given 
by the collectors did not plot zigzag courses that defeated attempts to 
smooth them down, the curves examined would not negate the pre- 
sumption that the principles fitting the specimens now to be examined 
apply generally." Consider Figs. 3 and 4. 


*The type of curve about to be analyzed fits excellently the following—their 

differences naturally being quantitative (sexes always separatim) : 
Stature in southern Russian Jews, male and female (data of Weissenberg) ; 
Shoulder breadth in southern Russian Jews, male and female (Weissenberg) ; 
Pelvic breadth in southern Russian Jews, males (Weissenberg) ; 
Stature in Belgians, male and feriale (Quetelet) ; 
Weight in Chinese, male and female (Wu and Soong). 
The following fit excellently as far as their data go; but incompleteness at this 
age or that would preclude their use in establishing basic norms, nevertheless they 
afford very good corroboration within their limits: 
Pelvic breadth in southern Russian Jews, female (Weissenberg; data lacking 
for ages I-5, yet including age 0) ; 
Stature in Michigan Dutch, male and female (Steggerda, unpublished; ages 
6-18 available) ; 
Weight in Michigan Dutch, male and female (Steggerda, unpublished; ages 
6-18 available) ; 
Stature in U.S. white children, male and female (Collins and Clark; ages 
7-15 available). 
The following contain one or more age-classes which deviate from a smoothed 
curve sufficiently to make a “jog” or zig zag at a certain spot or two, otherwise 
a smoothed curve could be fitted: 
Cephalic length in Holsteiners, male and female (Ranke) ; 
Cephalic breadth in Holsteiners, male and female (Ranke) ; 
Cephalic length in Schaffhausen Swiss, male and female (Schwerz). 
The following zigzag too strongly for direct analysis; and yet a curve of the nature 
under study can be run comfortably through the field: 
Cephalic length in white American males (West; the locus is good up 
through age 13, but the adolescents zigzag) ; 
Stature in Melanesians, male and female (Reche; apparently the universe 
was too meager). 

The Negroes of Herskovits demand special mention: 

The stature curves, male and female, are very smooth, and the present analysis 
would suit them well, except for mid-adolescence in males. But Herskovits admits 
specifically that his populations were hybridized. I suspect, therefore, that the 
curves indicate certain modalities that result from a racial blending. The possi- 
bility is suggestive for future comparisons. 

The same characterization applies to sitting-height ; 

Apparently also to head length in males, except for one “jog” at age 4; 


| 
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A-CURVE: yo ; te 


@-cunve: y« K(a-cunvahe q; where 
Re ge 
an-cuave: yo wa 0 where 
10.%305 anti log{-6.7529 p} 


Fic. 3. CHINESE MALE STATURE 
(Data of Wu and Soong.) 


In each, the curve breaks up into three parts, and no fewer, as far as 
indicated by any formulation I have been able to attempt. 

The first part (“A”) is a common type of logarithmic: y = a + 
bt + ¢ logt. (For simplicity in computation, however, I have sub- 
stituted « = ¢ + 1 and have calculated the a, b, c values as per 
y =a-+ bx +c log x). The curve would project back to intercept 


Head length in females zigzags too much, but does not preclude consistency 
with the foregoing if a smoothed curve be passed through the data; 
Head breadth in males shows the same degree of reliability as head length; 


Male cephalic modulus and the cephalic cube-root modulus 


(WLl+B+HA are likewise not inconsistent, except for jogs at ages 2 and 
3, 16, 17, 18, 19; 

Female cephalic modulus is a better fit than the male except for adolescent years, 
where the line zigzags; 

Bizygomatic width curve is most nearly “canonical” in its configuration. 

Herskovits believes that the zigzags are due to inadequacy of numbers, not to 
differences in the race-compositions of the series for each age. He may be right. 
But even if so, the smoothed curves—and his stature curves are smooth—deviate 
sufficiently in adolescence, as already mentioned, from the stock type to suggest 
that a curve for as radically hybrid a population as the American colored will 
reflect that hybridization. But a comparative study of hybrids as against “pure” 
stock (let the sense of that term be broad) must await a later opportunity. 
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A- CURVE: yrarbeeclogx: 
483-7 + 9x + 625 loge 


B-cunve: y= R(a-cunve) where 
&- 7.301 319-75 


AH-CURVE' yo pe where 
oe fe antilag 22.27 
108539 -.coracgep + 
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Fic. 4. FEMALE STATURE 
(Data of Wu and Soong.) 


the abscissa at about conception time. (This, however, as I have 
pointed out before, is probably a fault; for, as Dr. Edith Boyd has 
indicated for fetal curves, they should probably be skew logistics with a 
very short lower arm and an inflectional point after the first few weeks of 
gestation. But the inaccuracy is not effective within the limits of our 
own study.) The implication is, that the A-curve continues postnatally 
the prenatal formula. 

At about first-molar time—we may say, during the period of final 
construction of this molar plus its eruption—until about second-molar 
time, there is a simple step-up of velocity implied in the equation 
B-curve = y = k (A-curve value) + q. 

The AH-curve then supravenes, and flattens out at about the time 


of third-molar activity so that the AH-curve = y = ve’, where v 
itself is a logistic with respect to the B-curve (see Tables 1, 2, 3, 4). 

Now, had there been no alteration in rate from inception on—had 
the A-curve alone continued to obtain—eventually, full stature would 
have been reached, decades later, as witness the projection of A on the 
graph. And nothing in the shape of the curve itself would have shown 
stoppage of growth. This, it seems to me, would have simulated the 
growth pattern of animals neither warm-blooded nor having the mam- 
malian tooth system; reptiles, or something even more lowly. It is, I 
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TABLE 1 


Summary of the formulary for statural growth in male Chinese 


I. A-curve: 


A=a + br + loge 
@ = 492.71 
b= 2.26 
c = 6824 
t = time in years 
Limits: ca. = .25 to ca. x = 7+ 
II. B-curve: 
B=kA+q 
& 1.5 
q = —547.25 
Limits: ca. = 7+ to ca. = 124+ 


Ill. AH-curve: 
AH = 1680 — 10AH’; B = 1330 + B’ 


AH’ — 1680 — AH, BY = B — 1330 
10 


AH’ = 


or 
AH’ = v antilogsw hB’ 
h = b(r* —1), where r = 2, 


R = 2.303m = —15.55 
Limits: ca. # = 12+ to ca. x = 24— 
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TABLE 2 
Summary of the formulary for statural growth in female Chinese 


I. A-curve: 
A=a+ br +c loge 


= —319.75 
Limits: ca. = 7.4 to ca. = 12 


III. AH-curve: 
AH = 1680 — 10AH’; B = 1330 + B’ 
An’ — 1680 — AH, B’ = B — 1330 
10 10 
AH’ = vepB™ 
or 
AH’ = v antilogyw hB’Y 
h = b(r* — 1), where r = 2, 
= —.015137 
Y= 
P = 2.303h 
K 
~ K d 
1 + C antilogi. 


= .108539 — .00120988 + .0026498* 
= —.156474 + .1085398 — .00060488* + .000883/* 
C == 
B = 20 log B’ — 16 
R = 2.303m 
Limits: ca. # = 12 to ca. x = 18.4 


12 
a = 483.7 
b= 9g 
== 
¢t = time in years 
Limits: ca. = .25 to ca. = 7.4 
II. B-curve: 
B=kA+q 
1.301 
K = 10.98 
d = 22.77 
= 
| 
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TABLE 3 


Empirical and calculated values for statural growth of Chinese males 
Empirical data of Wu and Soong. See Figure 3. 


14 15 I51IQ I5II.5 .996 
15 16 1588 1590 1.001 
16 17 — 1634 1636 1.001 
17 18 1654 1652.8 1.001 
18 19 cons 1663 1662.1 1.000 
19 20 wed 1664 1668.33 1.017 
20 21 1668 1671.7 1.002 

1458.93 — 1676 1674+ 1.000 


dare say, no coincidence that the first human growth-spurt occurs when 
also the first molar is completed. But the spurt is simplex. 

The B-curve likewise has been projected. But here growth has been 
so speeded up that this curve would achieve adult stature at about the 
time it actually is reached via the AH-curve. However, again the curve 
might continue on indefinitely after that into giantdom. 

The AH-curve is as interesting as it is complex. Growth is markedly 
speeded up, beginning at about second-molar time; but the acceleration 


13 
CURVE A curve B curve AH 
(mm.) (mm.) (mm.) 
5 Aempir. B empir. 3 AH empir. 
I 495 494.97 1.000 
I 2 724 702.43 .O71 
2 3 805 824.79 1.021 Leek 
3 4 905 912.65 1.008 are 
4 5 966 980.81 1.022 keee 
5 6 1035 1036.77 1.001 pare 
6 7 1085 1085.03 1.000 oe: 
7 8 
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TABLE 4 


Empirical and calculated values for statural growth of Chinese females 
Empirical data of Wu and Soong. See Figure 4. 


curvE A curvE B 
(mm.) (mm.) 


3 Aempir. 


492.7. 1.0175 
680.6 .o82 
808.9  .953 
895.9 1.006 
965.2 .985 
1023.7 .999 
1074.9 1.003 
.... 1136 1137.25 
1184 1190.25 
1246 1240.25 
1280 1285.25 
1328 1327.25 
1403 
1459 
1406.2 .... 1546 1546.3 1.0002 
I55I 1555.8 1.00309 


= ANUS HO 


very soon becomes a strong deceleration; so much so that growth is 
actually braked to a stop—at about third-molar time. 

(1) The AH-curve, moreover, is patently a form of logistic: what- 
ever catalytic forces bring to bear upon the older growth-pattern, their 
inception, climacteric, extinction harmonize with theories of organic 
growth. 

The rationale of the adolescent spurt thus would seem to be (1) to 
bring the mammal to adult stature in the early period of life, (2) to make 
definitive an adult stature. And since, when one dimension y is plotted 
against another x, the curve is regular from birth to adulthood, the in- 
creases in speed of growth so easily recognized at adolescence clearly do 
not alter relationships between bodily dimensions but merely telescope the 


curve AH 
ace=t *= & 
I 484 
2 703 
3 805 
4 891 
5 971 
6 1026 
7 1072 
8 
9 
10 
I II eee 
I 12 
12 13 
13 14 
14 15 
15 16 
16 17 Mery 
17 18 
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time in which the growth-patterns is worked out by a formula obtaining 
at least back to time of birth. As far as I know, the above-numbered 
conditions do not obtain among lower forms of vertebrates; nor, for 
that matter, is there so definite a life-span. 

Thus far, what has been said applies to both sexes. But there 
are interesting differences. The most spectacular, of course, is the 
quantitative preponderance of the male AH-curve. The female, how- 
ever, happened to be the harder to evaluate: the v-factor turned out to 
be a skew logistic, whereas the male gives a satisfactory fit out of a 
symmetric logistic for v. I have no idea as to the significance, if there 
be any. 

But sex differences hark back at least to birth. It does not seem 
an accident of calculation that the female curve at first lies slightly 
below the male. Its curvature presumably initiated at conception, is a 
shade flatter than the male ; but, were both sexes to continue growing only 
via the A-curve, soon the female would begin to outstrip the male. This 
again recalls the condition among many lower forms. Aside from the 
careful check I have made on my formulation, it should be obvious that 
two logarithmic curves starting at origin and curving the way the 
empirical data declare they do, should actually cross eventually. Apart 
from this, however, Wu and Soong themselves observe that, while the 
females at this early period are very slightly smaller than the male, they 
actually are putting on a measurably greater per cent increment. 

But this apparently significant difference of behavior would not 
have appeared out of the usual type of statistics. Had the means at the 
several age-levels under scrutiny been tested for significant differences 
by way of the x P.E., no significance would have been found. This, I 
think, is noteworthy. 

When the B-curves of the sexes are compared, the most obvious 
feature is that the female for a brief period actually does stand higher 
than the male. 

It would be pedantic to tabulate here the theoretical values obtained 
by projecting the A-curve and the B-curve indefinitely. Let the broken 
lines on Figs. 3 and 4 do; and suffice it to say that, were the values for 
the male A-curve plotted against those of the female, we should have 
subequal stature in the sexes until age 7, with the male slightly pre- 
ponderating ; after that, the female would slowly pull ahead of the male. 
The B-curves are such that practical equality of stature would be main- 
tained until subadulthood (the speed of growth in both sexes having 
been accelerated); thereafter the female would very gradually pull 
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ahead. What actually does happen is the supravention of the AH- 
curve; the result being that, starting with equal stature at age 11, the 
female gains precociously over the male, and is the taller at ages 12 
and 13; thereafter the male starts to catch up; before age 14, he is 
already becoming spectacularly the taller; and by age 17+, when the 
female gives up the race entirely, the male has won hands down. 

The sexual difference in the AH behavior seems to have only dimly 
surmisable significance. The male outburst is tremendous as compared 
with the female. On the one hand, the female is slowly catching up to 
and heading into outstripping the male; yet her growth-acceleration, 
while moderate, seems quickly to exhaust the growth potential and bring 
her stature to a stasis at a compartively low mark; and yet her AH-curve 
hardly levels off to the horizontal before it is crossed by her B-curve as 
projected theoretically. The male contrast is obvious. In the end, 
however, he also slows gently to a stop; only at a higher level in the 
millimeter scale at a somewhat more advanced age. 

The sex ratios would undoubtedly be more interesting if we were 
in a position to compare Nordics, Alpines, Cr6-Magnon men, Negritos, 
Shilluk, Eskimo, Dyaks, Neanderthalers, Peking men; to say nothing of 
anthropoid apes and other primates. 

The behavior of the male growth in stature summarizes thus: 

Assuming the validity of the calculations, 

Actual adult stature would have been reached via the A-curve alone 
at ca. aet. 35 years ; 

By way of the B-curve step-up, at ca. aet. 22.8; 

It actually is achieved via the AH-curve step-up at ca. aet. 22+. 

The AH curve therefore does not materially hasten “adult” stature 
over the theoretical for B; it speeds up growth during early adolescence, 
and slows it in later adolescence ; the process is stopped at ca. aet. 22+-. 

The behavior of the female growth in stature summarizes thus: 

Assuming the validity of the calculations, 

Actual adult stature (which is lower than the male) would have been 
reached via the A-curve alone at ca. aet. 23.6 years; 

By way of the B-curve step-up, at ca. aet. 17.4; 

It actually is achieved via the AH-curve step-up at ca. aet. 18—. 

The AH curve therefore does not hasten “adult” stature over the 
theoretical for B; it speeds up growth during early adolescence, and 
slows it in later adolescence; the process is stopped at ca. aet. 18—. 

In the suggestive mood—were this behavior discovered to be but a 
special instance within a more general mammalian pattern, then the 
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curve would be a dramatization of the interaction between growth- 
promoting and growth-inhibiting forces. There exists a marked sex 
discrepancy. We must break off here—in the face of a tantalizing 
speculation. For reptilian females are the bigger bodied sex ; otherwise, 
as far as I know, the secondary sex characters are not as pronounced as 
in many mammals. One would add to the various masculine bodily 
luxuriations of mammals a growth step-up at puberty which renders 
the males the larger, besides the more spectacular, sex. 


Discussion of the character of the curves 


The formulations must stand on their own merits. Tables 3 and 4 
demonstrate that the equations developed provide a very close fit to 
the data. Since, however, there are various other interpretations of 
human growth-curves, some further comments are called for. 

Davenport® once spoke of two autocatalytic cycles of human growtb 
in weight; he particularly described the processes in terms of velocities 
that were exponential in nature; he saw a maximum velocity at about 
birth, with a rapid drop thereafter to an approximate level from 3% 
to 6% years; then a rise from 8% to 10 years, with a new maximum 
(in males) at 15 years. Since I have already pointed out that the curve 
of weight-growth behaves like that for stature, the following remarks are 
pertinent: The present curves, both for males and females, obviously 
show a rapid change in direction at about birth. In mathematical terms, 
the radius of the curvature of the evolute of the parent curve at that 
time is about at a minimum. And the curves themselves demonstrate 
that the velocity of growth is pretty level from ages 3% to 6%. So 
that there is no conflict here between Davenport’s description and the 
present mathematical analysis. Davenport, too, noticed the increase 
which places at ages 814 to 10. This falls in the province of my B-curve. 

Without having gone over Davenport’s description at the time, I had 
experimented a good deal with the line from about age 7 to adulthood, 
attempting to fit it to a single equation. I had wasted a great deal of time 
and effort before the curve seemed to fall apart into the two sections— 
the B and the AH—which readily lent themselves to the interpretation 
I have developed. The B-portion of the curve simply does not bend 
properly to fit satisfactorily any formula I have been able to attempt 
for the A- and the AH-sections. 


* Davenport, C. B. Human growth curve. Jour. Gen. Physiol., 10: 2(1926) : 
205-216. 
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At best, none the less, the formulations here offered are but approxi- 
mative descriptions. Thus, Boyd’s® data would indicate that the A-curve 
actually is a skew logistic (or something similar), with a very short 
lower arm in the early weeks of prenatal life. The longer arm should 
reach outward and upward to some undetermined upper asymptote. 
But there can be no abrupt changeover in actual life from the A to 
the B curve, no definite point on the t-scale where one ceases and the 
other begins. I have built up the B-curve in terms of the A-curve, 
and later used in like manner the B-curve as the base of reference 
for the AH-curve. This was not merely convenient mathematics; it 
had, I think, sound biological theory back of it. For any step-up 
in velocity must be a step-up over the rate obtaining just previously. 
But if the B-curve diverges from the A-curve it must start gradually, 
imperceptibly. Again we probably should have a very skew logistic, 
had we the proper magnifying-lens for scrutinizing the intimate be- 
havior ; and the initial, lower arm might be very short, as in the fetal 
period. The long, upper arm is what I have described, as in the case of 
the A-curve, in terms of a simple logarithmic formula; again we may 
suspect some undetermined upper asymptote. And finally, the AH- 
curve is manifestly a logistic, basing upon the B-curve; though the 
skewness is not very strong (but there is a sex difference). The bio- 
logical complexion of this changeover to a far less asymmetric logistic 
is unknown to me, of course; but it affords grounds for interesting 
speculations. Perhaps some day some insight will come by way of an 
inversion of our variables, such that the y-factor would be treated as the 
independent variable, acceleration be scaled in constant units, and the 
t-factor be treated as the dependent variable ... But that is still in 
the lap of the gods. Returning to earth—the growth curve from con- 
ception to adulthood seems actually to reflect three pulsations, each a 
skew logistic built upon a preceding one. There is nothing unreasonable 
about this; in fact, a logarithmic growth is what one would expect. And 
if we may justifiably project the line back, then early postnatal growth 
is an undisturbed continuation of the prenatal. 

Adolf Portmann’® has discussed recently an aspect of this matter. 
He has attempted to account for the peculiar helplessness of the human 
infant as against that of other mammals, particularly anthropoids; and 


* Loc. cit. 
* Adolf Portmann, Die Tragzeiten der Primaten. Revue Suisse de Zoologie. 


Basle. 48:3: 511-517. August, 1941. 
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he considers that the human has reached the equivalent development of 
the natal ape by about age I year postnatum. Be that as it may, he 
points suggestively to v. Lange’s (1905) observation that human stature 
takes on its “characteristic manner” of growth only after age 1 year; 
to Scammon’s (1922) similar observation, coupled with the further 
one that increase in weight continues postpartum to follow “fetal laws.” 4 

The rejoinder here must be that none of Wu and Soong’s data support 
these observations which appear descriptive only. Our Fig. 1, which 
has plotted weight against stature simply because these two quantities 
are described as to their mutual relationships by Wu and Soong, and 
because both are treated to graphs by these authors, which graphs show 
parallelisms, has shown a regularity of their growth which follows an 
exponential guide. (See Part Two of the present study.) 

I suspect that the reason why a change in growth behavior has some- 
times been claimed for the period around age I year, is that the logarith- 
mic curve shows its most abrupt bending at about this time. As I have 
remarked, here its evolute has the shortest radii of curvature—a piece 
of mathematical ideation which some day may be very useful to the 
physical biologist, particularly the growth analyst. But such rapid 
change in slope of the growth curve does not in the slightest indicate a 
change in growth pattern. It means that growth rate is slowing down 
very rapidly at this time; or, what is saying the same thing in a different 
way—the time-dimension is lengthening out rapidly. 


D 


Velocities of growth 


The velocities may be derived by calculus from the pattern-formulae. 
For the A and the B curves this is a simple matter; for the AH-curve, 
it is complex. 

We might go further and seek the accelerations. The formula is 


easily derived (i) for the A- and B-curves; for the AH-curve, it 


is of astronomical proportions, and is therefore impracticable; at least, 
in the present state of our knowledge, its use would not be commensurate 
with the effort of calculating it. 

If the A and B curve are easily handled, it is only because they 
have been fitted to logarithmic formulae of almost the simplest type. 


"Vide Portmann. 
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But if, as I have already pointed out, the A and B curves are really 

extremely asymmetrical logistics, then their velocities would have to be 

expressed in a much more complicated form than I have done here. 

This, of course, would not render the numerical values of velocities at 

most ages significantly different from those set down in Tables 5 and 6. 
These values are graphed in Fig. 5. 


300 mm 


Fic. 5. Ve tocrrres or GrowrH—CHINESE 


The general skylines of the graphs are not much different from 
Davenport’s for weight.1* They resemble also, even to certain details, 
the lines traced by Wu and Soong in their Fig. 3 (op. cit.) for the 
relative growth in stature computed in terms of yearly per cent increment. 

The velocities of the A-curves, naturally, are of the conformation 
y = b + caz—'; of the B-curves, the conformation is k (b + ca—'), 
where k > 1. When the sexes are superimposed, a definite behavior 
seems to emerge. The female velocity at birth is less than the male; but 
the deceleration is slightly more gradual, until ages 4 and 5 the female 
velocity is a little higher than the male. Sometime shortly after, they 
both accelerate, the male jumping up to a slightly higher velocity than the 
female. Again the process repeats. (This is inherent in the formula 
used, since the B-curve is merely a constant multiple of the A-curve; 


Loc. cit. 
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TABLE 5 


Velocities of growth: Male* 


(A) = b + 


#=t+1 Velocity in mm. 


2098.26 
150.26 
101.06 
76.26 
61.51 
51.66 
(44.56) 
(39.31) 


O 


B-curve: 


dx 
6 
7 
8 
9 
10 
II 


66.87 
58.97 
52.77 
47.87 
43-77 
40.45 
(12) (37.57) 


AH-curve: 


[(; 
+ 
G4 CRB + 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


* Values of algebraic symbols as in Table 1. 
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HUMAN BIOLOGY 
TABLE 6 


Velocities of growth: Female* 


4343€ 
(A) = + 


#=t+1 Velocity in mm. 


280.3 
144-7 
99.5 
76.9 
63.35 
54.25 
(47.8) 
(42.9) 


AH-curve 
Pits —2.303K Ce 8686 -4343¢ 
+ 8(—.0012098 + oosasee)} 


12 13 69.38 
13 14 49.97 
14 15 32.32 
15 16 
16 17 
17 18 


* Values of algebraic symbols as in Table 2. 


I 

I 2 
2 3 
3 a 
5 
5 6 1 
(6) (7) 

(7) (8) 
6 7 62.25 1 

7 8 55.87 
8 9 

9 10 47-+ 
10 II 43.8 
I! 12 41.16 ‘ 
| (12) (13) (38.9) : 
f 
1 
1 
5 
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however, if our original patterns hold—and the accuracy seems to be 
good—the phenomenon is actual. It shows up in Wu and Soong’s table, 
where they have computed the yearly increments in simple percentages 
of the previous value reached.) But the spurt is not great; and the 
general impression, what with the gentleness of the slopes during B-time, 
is natural to the casual observer that there is not any noteworthy change 
in speed-rate of growth in children at this age. This impression is 
inaccurate, none the less. 

The adolescent velocity emphasizes what we already know. The 
female spurt is precocious over the male, carrying the girls to an absolute 
superiority in height at initial stages; a phenomenon well known to 
investigators of other portions of the human species. But the male in 
turn, on reaching puberty, shoots up phenomenally over the female, 
and he keeps at it longer. 

Thus the entire male growth behavior, from birth to adulthood is 
somewhat more “jerky” than the female. 

Had the velocity formula for the A-curve obtained always with no 
modification at + = 20, the female velocity would have equalled 22.5; 
the male, 17.06. 


The figures for the AH-curve probably are inaccurate for the highest values 
of x. I have already pointed out that the lines for male and female had to be 
smoothed and flattened down in last adolescent years, because of the zigzag course 
of Wu and Soong’s data in that period. Thus, probably the female velocity at 
x = 18 is actually less than 10.07 mm. But within limits, the values probably are 
accurate enough. 


The slightly greater complexity of — (AH) for females than for males 


goes back, of course, to the fact that I have fitted for the males a formula in which 
R is a constant; in the females, R is the first derivative of a parabolic formula. 

Actually, since the locus moves smoothly from the fit of one formula to the 
next, it is arbitrary to choose the exact spot where one formula leaves off and the 
next begins. The graphs are, in this trait, misleading, and allowance must be made. 


E 


Stature is a rectilinear dimension, usually recorded as equal numer- 
ically to a certain number of spatial units. For a growing child, a table 
of such recording may be accumulated over a period of years; and, of 
course, a parent, a physician, or the child himself, is interested in the 
changes so registered. Now the focus of interest is in the end-point of. 
this growth process at any given moment. The fact that a certain altitude 
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has now been reached, is what usually interests the individual—not the 
how of achieving the point. Thus, when a graph of growth in stature 
is traced, as in our Figures 3 and 4, interest centers in the ordinate 
reading at any given moment. 

But the student of a graph will see more than a severality of 
ordinates. Stature increase in time is a continuum. The continuum 
may be translated as the locus of a point. What, precisely, is that locus 
of a point? 

The point is not a stature, since it is defined by both ordinate and 
abscissa. It is a stature-at-a-time. The locus of the point traces a 
space-time relationship: it is an event. Time is now a dimension. 

It is important, I think, that this idea be clear. For it prepares us 
to ask of our graphs, What is the meaning of the area subtended by the 
locus of the point? and, What significance is there to the length of the 
locus ? 

First, the area. 

If we compare the graphs of the two sexes (Figs. 3 and 4), or, if 
we were in the position to compare graphs of two races, clearly the 
areas under the loci would ciffer in size and shape. The differences 
would indicate that the two groups compared differed in height and in 
disposal of time-budget to achieve that height. 

An animal that grows very rapidly in a given time, and achieves a 
height about equal to that of a slower-growing animal (suppose we were 
comparing man and chimpanzee), shows the steeper and shorter graph- 


line. The slope, of course, at any moment is given by x, But the 


total-growth achievement-in-time is given by the length of the entire line. 
Intrahuman comparison would be more or less striking, intergeneric 
comparison, say of man and chimpanzee, would certainly be very striking. 

We thus are led to the concept of millimeter-years. It bears a 
spurious similarity to such units as the foot-pound, etc. of the physicist. 
The resemblance is more of an analogy than a similarity, for reasons 
which by now are rather obvious. For, while the ordinate measures the 
stature in millimeters at any moment, the area actually represents the 
behavior of a complex of growth-forces operating over time. Truly 
now we are viewing growth as an event, even while it has been registered 
on a graph in terms of a succession of statures at chosen moments. 

So we have a given length of curve, and an area subtended by that 
length. The shape of the area, and also its size, are partially dependent 
‘ upon the characteristics of that length of curve. We wish to indicate 
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some relationship. There are several possibilities. Not to overburden 
gratuitously a discussion already creaking under the load, let us fasten 
upon the simple expedient of dividing an area by the length of a side— 
the side being our curve. 

We must calculate (1) the areas under the A, B, AH curves re- 
spectively ; (2) the lengths of those curves; (3) we must divide the areas 
by the related curve lengths. 

1. The area under a curve is given by the definite integral of its 
equation : 


Area = ydx. 
For the curves A and B, this is simply done: 
For A: § (a + bx + .4343¢ loger)dx = fade + f bxdx 
+ §.4343¢ logrdx = ax + + .4343¢%(logex —1) + C. 


For B: f [k(a + bx + .4343¢ loger) + q]dx 
= kax + + .4343ckx(logex —1) + gx + C. 


= + q) 4 — 1) + C. 


However, fve®” dx offers grave difficulties. 


It seems to me simpler, therefore, to reevaluate the AH-curve for 
an approximation that would be easier to handle. If we cut our curve 


— EMPIRICAL 
1700 mm —— APPROXIMATED 


1600 


THIS APPROXIMATED LOGISTIC 1S 
VUSEO BEGIAAING WITH A VALUE 
WELL ALONG IA THE LOCUS OF 
THE LOWER ARM, SEE TEXT. 


Fic. 6. Tue Mare AH-Curve RecaLcuLATeD APPROXIMATELY 


re 
te 
of 
1S 
id 
a 
18 
1e 
1¢€ 
if 
1¢€ 
eS 
in 
h- 
ic 
g. 
a 
it. 1500 
1S 
00 

1300 
ly 
at 1100 
nt 


26 HUMAN BIOLOGY 


and initiate the AH portion at + = 12, y = 1334 (males; similarly, 
females), we find an incomplete logistic that is fairly symmetrical 
if projected and completed downward to a baseline at : = oa 
(see Figs 6, 7). In our previous calculations, this would not have been 
admissible: we would have been embarassed to justify a logistic which 
took up suddenly and arbitrarily at the point we have now chosen. But 
there is nothing to prevent us from finding the approximate area from 
* = 12 to x = 22 for the definite integral 


For males, this equals: 
421 
= TH 11 1225 


where X = « — 140r x = X + 14. We obtain: 


+ y emp. y cale. 
12 1334 1331.4 
13 1380 1385.4 
14 1440 1440 
1519 1528 
1588 1587 
1634 1627 
1654 1650.5 
1663 1663 
(1670)” 1670 
(1673)* 1673 
1676 1676 


8 These are arbitrarily corrected values, substituted from the graph, for Wu and 
Soong’s originals of 1664 and 1668, which would not lie on a smoothed curve. I 
felt justified in doing this because of the zigzag nature of their subadult values: 


aet. 

17 1654 
18 1663 
19 1664 
20 1668 
21 1676 
22 1676 
23 1676 
24 1683 
25 1669 
26 & + 1678 

1676 was taken as an asymptote (see Fig. 3). 
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Ltt 
See note on Fic. 6 
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In like manner, the female approximate values for the AH-curve are: 


Observed from Calculated by new 
original graph logistic formula 
(mm.) (mm.) 


10 1246 1243-75 
II 1280 1280.3 
12 1330 1335-7 
13 1406 1401.6 
14 1460 1460.8 
15 1497.5 1501.5 
16 1527 1525 
17 1544 1537 
18 1548 1543 


The approximate formula is: 


344 
T+ .73924 antilog,,(—.3383%) 


where X = * —- 13. These values are plotted, respectively, in Figs. 6 
and 7. 
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The integral,’ at long last, is : 
K 
[AH] ds = + 8) ae 
K 
r 
Now, when it comes to choosing the points for dividing up the entire 
system into the separate A-, B-, AH-areas, we run into the same diffi- 
culties we had when determining the graphs of velocities. At best, one 
can be only cannily arbitrary. After careful inspection, therefore, I 
have selected = 7 or t = 6, in both sexes; and x = 12 or ¢ = II in 
the female, s = 13 or ¢ = 12 in the male; and have called a halt at 
#* = 19 or ¢t = 18 for the female, s = 20 or ¢ = 19 for the male. 
2. The length of an arc is given by an integral which includes the 
first derivative of the curve: 
ve 
= 
s= y 
The first derivatives are all available; so we have 


for A: 


.4343¢ \? ] * 


‘2 —K Cre* 
c= 
But these again are formidable cliffs to scale. If, instead, we use 
the trapezoidal rule, 


(Ay +n + + Ya-1 + Ax, 
we obtain the approximations given in Table 7. (In every computation, 
As = 1.) 
3. We now divide the areas by the lengths of arc for the final set 
of figures in Table 7. 


“TI am indebted to Mr. H. H. Boschen, P.E., for obtaining this equation for 
me from Mr. G. J. Marianelli, M.E., whose disinterested kindness leaves me under 
bligati 
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TABLE 7 


Areas, curve lengths, and their ratios: Male and female 


1006.32 


II. Ratios 


Arc Totalarea Generated area Arc Totalarea Generated arca 
segment Curvelength Curve length segment Curvelength Curve length 
5.00 AH 7.28 
3-14 B 2.755 


3-255 A . 3-706 
Grand 


29 
MALE FEMALE 
I. Areas j 
. Totalarea Area gener- wai Totalarea Area gener- 
Arc under arc ated by arc under arc ated by arc 
segment segment segment Segment segment segment 
» 
AH: 11041.44 1406.44 AH: 10415.6 1125.6 
2 
B: 7440.56 930.56 B: ‘|, 6062.25 687.25 
q 
A: | 5270.80 2301.80 A: | 5184.6 2229.6 
Grand total 23752.80 4638.80 Grand total 21662.45 4042.45 
II, Curve lengths | 
Arc Arc 
segment segment Length 
AH: ‘| 281.31 AH: «| 154.76 
as 1s 
ss 
B: 296.25 B: 249.39 
? 
A: 612.88 A: 602.17 
Totals 1190.44 Totals m7 
n, 
A 
average 19.95 average 21.53 
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CRITICISM OF THE AREA-CONCEPT 


When complete stature has been achieved, the line y = f(x) becomes 
horizontal. It continues to preside over an area. But, from the stand- 
point of positive growth, the area has ceased to have meaning. That 
does not imply that it has become meaningless. Nevertheless, for our 
present purposes, it should be disregarded. But, even if we cut off 
the area at the point where the line finally becomes horizontal—where it 
practically coincides with the upper asymptote—the logistic curve is so 
graduated that much area is included under the line at the higher values 
of x, for very little addition in height. 

Table 7 records the total areas under each segment of arc. But each 
such area is obviously a build-up from what has been achieved under 
the preceding segments or segments of arc, plus the additional area 
generated by the segment of arc next being considered. The grand 
total areas—23752.80 for males, 21662.45 for females—are useful in 
comparing with other populations or species; but the individual con- 
stituent blocks are not. On the other hand, the amount of area generated 
under each new and succeeding segment of arc, is a useful quantity. It 
is therefore a simple matter to subtract a rectangle from each total area, 
which rectangle represents the area for which the particular arc segment 
has not been responsible. From Tables 3 and 4, therefore, we read values 
-of calculated y at the points where x = I, x = 7, x = 12 (female), x = 
13 (male), x = 19 (female), * = 20 (male) ; multiplying these values by 
the appropriate number of units on the +-scale, we obtain quantities 
to subtract from total areas, to give us the size of areas generated by 
each arc segment. The manner of obtaining the ratios should then be 
obvious. (See Table 7.) 

The figures under “Ratios” give some indication of the slope or 
flare of the arc segment with reference to the area it generates. Thus, 
the male AH-curve flares much more than the female, as witnessed by 
Figs. 3 and 4; hence the ratio for males is 5.00, that for females is 7.28. 

If the original graphs of the stature-curves be scanned with the 
figures of Table 7 in view, a curious aberration of proportion shows up, 
which a little reflection on the quirks of plane geometry will resolve. 
The graphs, although quite “natural” to the eye, are of course actually 
double-scaled ; the abscissae being on a far larger scale than the ordinates. 
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Consequently, the different slopes of the curves disguise the true pro- 
portions of length between the A, the B, the AH-curves. Actually, we 
see from the table that the stature-time-point has traveled a locus which, 
for the A-curve, is over twice as long as either that of the B or AH 
curves. Also, in spite of the seemingly spectacular AH spurt, the length 
of the AH curve is even slightly shorter than that of the B curve—even 
though in the male, AH covers seven years and the B only 6. 


SUMMARY OF PART ONE 


In the parametric indices studied, growth accelerations occur at about 
the ages of first and second permanent molar completion; and growth 
practically ceases at the third-molar period. The female sex is precocious 
in initiating the second acceleration. The accelerations, as far as has 
been ascertained, are but a time-phenomenon ; they speed up the process 
of growth, but they do not alter the growth pattern of bodily proportions. 
That pattern is already established at least as far back as birth. Without 
the first acceleration the “adult” proportions would have been reached, 
but at a later date. 


The second, or adolescent acceleration, does not effect adult size any 
sooner than the prepubertal growth-pattern would have done; it only 
hastens it at first, then later, so retards that growth finally ceases. It is 
suggested that this is a primate, perhaps even a mammalian, distinctive 
trait. 

But for this adolescent “dislocation” of the growth-pace, growth 
would seemingly be life-long ; and the female, at first slightly the smaller, 
would eventually be clearly the larger. The adolescent reversal of this 
trend again may be a mammalian characteristic. 

Formulae have been submitted that describe the growth-pattern very 
fairly. The formulae all are exponential types. Probably a more exact 
set of data would have shown the growth-pattern as a set of three 
logistics ; at least the first two being very skew, and the first extending 
back to conception. 

The velocities of growth are derivable from the growth-pattern 
formulae. 


When a set of measurements are recorded on a graph of which one 
axis is that of time, infinite interpolation produces a continuum: the locus 
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of a traveling point. This is our curve of growth. Stature pictured as 
a curve, is now an event. The area under the curve is the value of a 
growth-in-time. The ratio of area to subtending curve is adopted as a 
sort of coefficient describing the relationship between them. It is thought 
that this concept will be useful in comparative growth studies where 
either time or somatic dimensions or both differ in the comparates. 
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MIGRATION AND URBANIZATION OF THE 
INDIANS IN CALIFORNIA 


BY S. F. COOK 
Division of Physiology, University of California, Berkeley 


I 


== HE racial assimilation of the American Indian is a problem 
724-2) of interest not only to the demographer and geneticist but 
=i also to the student of human ecology. The profound dis- 
turbance in environmental conditions to which the primitive 
race was subjected has been manifested in several aspects. One of 
these is the territorial redistribution of the aboriginal groups as a whole 
and another the dispersion of individuals in conformity with pressures 
exerted by white society. The latter phenomenon, which may be termed 
“internal migration” is here considered. 


= =| 


II 


Over most of the United States the survivors of the Indian popula- 
tion have been restricted to reservations or otherwise subjected to 
artificial constraint. Hence any natural tendency to move about has 
been sharply inhibited. The State of California has, however, con- 
stituted an exception and has provided an opportunity to observe what 
an Indian group would do if left largely to its own initiative. The 
causes of this anomalous situation are clear. The first lies in the fact 
that the majority of California Indians were never reservationized but 
were left to merge as best they might with the American civilization 
which surrounded them.! The second factor lies in the peculiar manner 


* Many early attempts to establish reservations (which at the time were literally 
concentration camps) were wholly unsuccessful. In the north there finally emerged 
the permanent establishments at Round Valley, Hupa Valley and Tule River which 
accommodated at most 2000-2500 persons. In the south the former Mission Indians 
and the Cahuilla were settled on numerous small areas contiguous with and sur- 
rounded by the general white population. The Yuma, on the Colorado River, were 
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in which the state was settled. From 1848 to 1860 the entire coastal 
region was suddenly overrun by whites who, to be sure, killed and 
starved large numbers of the natives but who left the survivors to persist 
in their ancestral habitat. The aborigines were thus submerged, rather 
than expelled or exterminated. The third factor was the very strong 
Spanish-Mexican tradition which persisted long after the American 
‘conquest. This tradition, strongly reinforced by the Catholic clergy, 
envisaged the Indian as an integral, even if subordinate, component of 
the social organism itself, rather than as an enemy to be segregated in 
isolation. 

By virtue of another historical anomaly we come into possession of 
population data pertaining to the Indians of California which do not 
exist for any other state. 

According to a treaty made by Wozencraft in 1851 compensation was 
to be paid the California natives. Not until 1928 did Congress act 
to carry out its terms, at which late date it had become necessary to 
determine who the descendants were. Congress then ? authorized a census 
to be taken to list “all Indians who were residing in the State of 
California on July 1, 1852 and their descendants now living in said state”. 

This census was the most comprehensive and thorough that could 
be taken under the circumstances. For each individual it showed name, 
age, family relationship, degree of blood, tribal affiliation, residence and 
property owned. In all, 23,542 persons were recorded, and even if 
not absolutely complete, this record constituted the most thorough survey 
which could be secured. 

With respect to coverage it is probable that practically all persons 
with an appreciable degree of Indian blood were counted. On the other 
hand it is likely that some individuals with very slight Indian blood who 
long since had come to regard themselves as wholly white were missed. 
With respect to correctness of statement there were undoubtedly errors 
introduced. Due to ignorance or design many persons were unable to 
state with utter fidelity degree of blood, age and tribal affiliation. Con- 


self-contained as a reservation tribe. In addition to the above, numerous Indians 
have been carried on the rolls of various agencies and have received government 
aid, although they were actually living on privately owned land scattered through 
the entire state. These, altogether, do not account for more than half the Indians 
in the region, the remainder never having been, in any sense, wards of the govern- 
ment. 

* Act of May 18, 1928 (45 Stat. L., 602). 
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sidering the numbers involved, however, we may regard the general 
picture as correct in essence if not in minute detail. In certain instances 
particular items are left blank on the census sheets, due to admitted 
factual ignorance on the part of the persons involved. When compila- 
tions are made, therefore, these items cannot be included. As a result 
the totals for specific categories (such as age, degree of blood, residence, 
etc.) will always fall somewhat short of the general census total of 
23,542. The sample, nevertheless, will usually be at least ninety per 
cent complete, thus rendering statistically insignificant the losses due to 
omissions. 

The shift of individuals and hence groups may be determined by 
means of the present (1928) residence and the tribal descent. Since 
the tribal boundaries were originally very definite and since there has 
been no mass movement during the past century it is possible to specify, 
for any individual a home territory, within which he or his ancestors 
must have lived. Although certain inexactitudes are thereby introduced 
it is most feasible tu delimit former tribal areas along modern county 
lines. Thus the Yurok once inhabited parts of both Humboldt and Del 
Norte counties. For present purposes, accordingly, it is necessary to 
consider the entire area of both these counties as home territory. Any 
shift of residence within such a restricted field could not be considered 
a significant change of habitat. A second group may then be recognized : 
those who are living outside the home counties, or migrants. The data 
do not permit a more refined classification since the domicile of migrants 
varies progressively from fairly close to quite distant. Moreover, no 
deduction is usually possible with respect to whether it was the living 
person or his forebears who actually moved outside the aboriginal 
tribal boundaries. A third group may also be distinguished, including 
parts of the previous two: those who are living in cities rather than 
in villages or remote rural sections. The line of demarkation is based 


* Tribal relationship is stated in the census with considerable exactness. Where- 
ever possible the Indian Service used the newer nomenclature introduced by Kroeber 
and his colleagues. Thus the designations Yurok, Karok, Maidu, Pomo, etc. 
replace their older local equivalents. Some territorial terms still persist, such as 
“Smith River”, “Eel River” or “Pit River” but these can usually be translated 
without difficulty into their ethnographic synonyms. In the south and on the coast 
reference is invariably to the former mission groups but since these people had lost 
their tribal identity prior to 1850 the use of missions is adequate to define the home 
territory in so far as American occupation is concerned. 
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upon the mailing address given under each name in the census which 
in numerous cases includes a street and number in some town or city. 
Now it may be assumed fairly that if a person has a street address 
in such a locality as Los Angeles, San Francisco, or even Stockton, 
Riverside or Eureka, he is a city dweller. Naturally this fails to 
include itinerants and other casuals with no established residence who 
might frequent the towns. On the other hand it errs on the side 
of conservatism and restricts the city class to bona fide urbanites. 


III 


The aboriginal distribution of population followed very closely 


that of the food supply. Today the situation has completely altered. 
Diet as a determining factor has been replaced by others, among which 
is the density of the white population. By virtue of war, disease and 
ineffectual economic competition the natives have tended to diminish 
most rapidly when and where the white men have been most numerous. 
This process reached its maximum intensity between 1848 and 1860 
during which period the Indians of the mining regions were nearly 
obliterated. The long term influence of white settlement, moreover, 
can be detected in the census of 1928. By using counties as subdivisions 
the relation between the two races may be compared: the number of 
whites being taken directly from the United States Census of 1930 
and that of the Indians being calculated from the 1928 census. 

A direct test of association between absolute Indian and white 
population by counties yields a chi-square value of 2.19 which is below 
the limit of significance. If, however, we utilize the Indian home 
population (excluding migrants) the value is 5.86 which may be con- 
sidered moderately although not strongly significant. 

A better criterion of white influence than gross population per county 
is the density per county. The relation between this factor and the 
Indian population is expressed by a chi-square value of 11.79. Appar- 
ently, therefore, a tendency exists for the Indians to be most numerous 
in those regions where the whites are fewest. 

As a final test we may employ the relative, rather than absolute 
Indian population, i.e. the ratio of Indians to whites, since this term 
is an index to the reaction of the Indians to the white group over a 
long period of years and also tends to eliminate extraneous geographical 
factors. The association between this ratio and density of the whites 
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is highly significant: chi-square equals 26.26. If the data are treated 
as a correlation the value of r is —.847, again definitely significant. 

These results exemplify for California the generally recognized 
principle that an indigenous population thrives best over the period of 
transition in those regions where the density of the invading group, 
and hence the interracial conflict and competition, are at a minimum. 
The immediate response, therefore, to invasion by the foreign race, and 
one might say the fundamental inclination of the Indian population, 
was to remain as far out of contact with the whites as possible. Only 
thus could pure survival be achieved. However, with more settled 
conditions there has begun to appear the inevitable reaction and counter- 
trend toward intermixture. One criterion of its extent is the number 
of Indians who have voluntarily forsaken the home territory and have 
gone to dwell in a purely white community. In 1928 the census shows 
that 13.2 per cent of the California Indians were in this category. 

One would conclude at first sight that the total migration among 
the Indian group had been relatively small up to 1928. The closest 
comparison is with the native born whites living in California at the 
same time. In 1930, 45.4 per cent of the latter had migrated from 
other states. If intercounty, rather than interstate movements could 
be checked we should probably find that well over half the white people 
in 1930 were living some distance from the county of birth or parental 
origin. 

On the other hand California is notorious for the unsettled character 
of its population, and the enormous number of new immigrants. The 
Indian value of 13.2 per cent removals might be considered more 
fairly in relation to that of more stable white groups such as the 
native born of Maine and South Carolina of which only 7.8 per cent 
were from outside the state. In brief, it is clear that the drift away 
from the ancestral habitat had definitely set in by 1928, and although 
it had not reached large dimensions, nevertheless was making headway 
against the basic inertia and conservatism of Indian tribal culture.5 


* Fifteenth Census of the United States, 1930; Population, Vol. Il, p. 146. 

* There are no statistical data concerning the matter, but much collateral evidence 
indicates that the migratory trend has much intensified since 1928. The depression 
of the 1930’s and the acceleration due to the war have brought Indians from remote 
rural homes to the centers of agriculture and industry. Many of these will become 
permanent inhabitants of the new localities. 
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IV 


We may now examine the conditions affecting migration, the direc- 
tion of migration, and the character of the migrants. Certain factors 
may be distinguished which appear to have determined the extent of 
migration. These seem to have been chiefly historical, or long term 
influences, rather than contemporary effects, and to have been concerned 
with the degree of interracial contact. 

The intensity of former conflict is discernible in the reduction of 
numbers since the American occupation. The aboriginal populations 
by tribes have been carefully worked out by Kroeber. I have made a 
fairly accurate estimate of the values® for the period 1845-1850. Finally 
there are the modern data in the 1928 census. When the per cent 
of modern survivors by tribes (from 1848) is related to the per cent 
of migrants from those tribes, the chi-square value is 8.71, in the sense 
that the smaller the per cent survivors the greater the proportion of 
these are migrants. Since the chi-square value is significant it is 
reasonable to conclude that serious depletion due to war and disease 
during the period of settlement operated to disintegrate tribal and 
geographic unity thereby rendering the subsequent generation more 
prone to seek new habitats. The extremes of this process may be 
noted in a qualitative manner by considering the Yana and the Luisefio, 
both tribes which were exposed to strong white influence. In modern 
times the Yana have been reduced to about 1 per cent of their former 
number (a few mixed bloods) all of whom live well outside the original 
tribal territory. The Luisefio, on the other hand, who still retain 
45 per cent of their aboriginal strength show only 3.3 per cent migrants. 

In conjunction with the factors governing emigration from the 
ancestral habitat one indirect line of evidence is the age distribution 
of the home and migrant groups. These distributions may be expressed 
graphically but perhaps the most convenient index, for purposes of 
comparison, is the median age. 

It is a principle of universal applicability that whenever a free 
emigration occurs from a stable population the younger element pre- 
dominates. Moreover the internal age dispersion is less owing to the 
reduced proportion of very old and very young persons. Following 


*S. F. Cook, The Conflict Between the Califotnia Indian and White Civilization. 
Part III: The American Invasion, 1840-1870. Univ. Calif. Publ. Ibero-Americana. 
In Press. 


| 
res 
pa 
pe 
fre 
2, 
to 
ho 
mi 
to 
Or 
al 
to 
Ca 
Yt 
W 
ge 
de: 
Tu 
cel 
Le 
Ar 
ing 
pli 
the 
sot 
cal 
fez 
38 
is 
we 


INDIANS IN CALIFORNIA 39 


resettlement the migrant group tends to reacquire the features of the 
parent stock. In the present instance the home population of 19,076 
persons had a median age of 21.93 years with a standard deviation 
from the median of + 23.1 years. Since the equivalent values for 
2,973 migrants were 19.97 and 19.2, the latter group as a whole appears 
to be relatively recent in origin. 

The designated differences in median age and age dispersion are, 
however, not sufficiently great to suggest a uniform and homogeneous 
migratory impulse within recent years. It appeared desirable, therefore, 
to break down the entire population into a series of component groups. 
On a basis of past history and geographical location there seems to be 
a more or less natural subdivision as follows: 

I. Tribes, untouched by Ibero-American culture, exposed since 1850 
to strong Anglo-American influence, north and central Cis-montane 
California: Tolowa, Yurok, Wiyot, Hupa, Karok, Chimariko, Wylackie, 
Yuki, Athabascan remnants, Pomo, Shasta, Maidu, Yana, Miwok, 
Wintun, Yokuts and Western Mono, 

II. Tribes, untouched by Ibero-American culture, relatively isolated 
geographically from Anglo-American influence, trans-montane and 
desert California: Achomawi, Pauite, (including Eastern Mono and 
Tulatulabal) Washo, Shoshone (mainly Koso) and Yuma. 

III. Tribes, ethnographically indistinct, which remain from the 
central coast missions as far south as Mission San Gabriel at 
Los Angeles, thoroughly impregnated with both Ibero- and Anglo- 
American cultures, since 1850 socially amalgamated with the surround- 
ing white population. 

IV. Tribes, ethnographically distinct, which remain from the south 
coast missions (San Luis Rey, San Juan Capistrano and San Diego 
plus the closely coterminous Cabuilla) ; differ from Group III in that 
they have been strongly under reservation influence and are socially 
somewhat isolated ; considerably influenced by Ibero- and Anglo-Ameri- 
can cultures but not so strongly as Group IV. 

The pertinent data have been summarized in Table I. Certain 
features of this summary merit discussion. In the first place the median 
age of the geographically and politically isolated groups (II and IV) 
is high, that of the intermediate group (I) is medium and that of the 
well assimilated group (III) is low. At the same time the per cent 
of each group which has migrated varies in the opposite direction. 

The median age of the migrants is lowest for Group II and also 
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TABLE 1 
Per cent migrants and median ages in four Indian groups - 


PER CENT MEDIAN AGE MEDIAN AGE MEDIAN AGE 
MIGRANTS HOME GROUP MIGRANTS CITY DWELLERS 


21.26 20.18 18.26 
23.13 19.58 17.83 
19.65 19.62 19.00 
23.64 20.50 20.32 


differs by the greatest amount from that of the non-migrants. Nearly 
the same situation exists for Group IV. According to the thesis 
mentioned above the inference may be advanced that the migration from 
these two groups is of relatively recent origin, an hypothesis supported 
by our general knowledge of the peoples concerned. Group I again 
occupies an intermediate position implying that migration has been 
proceeding for a longer period. This is in conformity with the fact 
that during the latter half of the nineteenth century the northern and 
central tribes were subjected to severe dislocation by the invading miners 
and ranchers as well as by the armed forces. Group III shows no 
significant difference whatever in the median age of migrants and non- 
migrants. This may be taken as reflecting the turmoil and disintegration 
of the post-mission period, 1830-1850, and the disappearance of the 
mission Indians as a distinct social entity. The transition stage, how- 
ever, has completely passed such that both components of the group 
have reached a new and probably stable equilibrium. 

From the above findings we may conclude that whenever the native 
race, in California, has entered upon a period of intensified contact 
with the whites, there has been a response in the form of increased 
emigration, primarily on the part of the younger individuals.? This 
response is by no means inconsistent with that previously discussed 
whereby the population subjected to intense conflict suffered more 


* During the past twenty-five years the automobile has exercised a tremendous 
influence on the mobility of the California Indian. Previously it was very difficult, 
in the purely physical sense, for him to leave home. More recently, however, he has 
become accustomed to travel hundreds of miles with little effort. As a result his 
spatial horizon is widening. 
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extensive loss in numbers than that which was permitted to remain ir 
comparative isolation. Indeed, the two reactions are component parts of 
the same mass behavior pattern. 


Vv 


The direction of migration has been uniformly toward the centers 
of white population with the result that an Indian urban class has come 
into existence. To support this conclusion are various lines of evidence. 

a. In any given county the relative number of Indian immigrants 
may be expressed as the ratio between immigrants and total Indians. 
This value may then be related to the density of white population. For 
the 58 counties the association by chi-square is 8.48 and the correlation 
coefficient, r, is + .541. There is a significant movement, therefore, 
toward regions of high population density.® 

b. The Indians as a whole tend to follow the degree of urbanization 
characteristic of the region. Thus there is a significant correlation 
(r = .676) between the ratio of Indians in cities to total Indians on 
the one hand, and the ratio of whites in cities to total whites on the 
other. That the phenomenon has reached considerable dimensions is 
attested by the fact that eleven per cent of the names recorded in the 
1928 census had street addresses and were therefore definitely urbanized. 
Predominantly migrants have contributed to this group, for of the non- 
migrants throughout the state 7.43 per cent were in cities, and of the 
migrants, 40.1 per cent. There can be no doubt, consequently, that 
urbanization is a process closely associated with migration. 

c. The median ages of city dwellers (see Table 1) throws further 
light on the situation. With Group I the median age of the urban 
component is definitely below that of the migrants. It is probable 
that this represents a secondary, more modern movement, for the earlier 
migrants were relatively primitive and perferred to remain in rural 
communities. With Group II the city dwellers appear to represent 
what might be called the progressive younger element, those migrants 
who went all the way to the larger centers of population, rather than 


* These indices would show an even greater level of significance were it not for 
Del Norte, Humboldt and Trinity Counties which, although sparsely inhabited, 
contain many Indian immigrants. The reason for these exceptions is that seventy- 
five years ago, through forced removal and warfare, the northwestern tribes were 
extensively redistributed within the territory at large. 
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remain in more remote districts. Group IV shows an urban median 
age almost identical with that of the migrants, both being definitely 
below that of the non-migrants. As contrasted with the mountain and 
desert tribes of Group II, when the Indians of Group IV left home, 
they had in effect no place to go save the Los Angeles metropolitan 
area, and as a result this region has absorbed most of them. With Group 
III the urban median age is a little but not materially, below that of 
the migrants, due probably to a slight tendency in recent years for the 
younger people to gravitate to the nearby towns. 


VI 


Something concerning the type of people who make up the migrant 
and urban classes can be deduced from the census. It has already been 
pointed out that in the aggregate, with certain exceptions, they are 
more youthful than those who still remain in the old tribal habitat. 
An examination by sexes shows the male-female ratio to be" highest 
for the home dwellers (1.072), lower for migrants (0.890) and least 
for the urban class (0.798). For the total population the ratio is 
rather high: 1.045. A heavier migration by woman, than by men, is 
thus indicated. From a breakdown of sex ratios by age (see Table 2) 
it is apparent that among migrants and urbanites the great predominance 


TABLE 2 
Sex ratios by age group 


10-19 20-39 


1.055 1.134 
0.915 0.756 
1.036 0.586 


1.035 1.008 


of women is among those of early maturity and middle age. There 
are two factors which appear to be largely responsible for this phenom- 
enon: (1) Many Indian women have married men of other races who 
have gone to the centers of agriculture and industry, whereas very few 
Indian men have married outside their own race; (2) numerous other 
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Indian women and young girls have in the past gone to accept employ- 
ment as domestic servants in white families. Such individuals have 
been likely to marry or otherwise permanently sever all ties with the 
ancestral home. The result has been a steady drain upon the females 
in the home localities. That this process is of no very recent origin 
is attested by the low sex ratio among the migrants over forty years 
of age. 

If the socio-geographic groups discussed previously (see Table 1) are 
examined the trend toward female predominance is found to be least 
in Group III (ratio for all ages of migrants is 1.092) and greatest in 
Group II (corresponding ratio is 0.717). This is in conformity with 
the fact that Group III has been in longest and closest contact with 
American civilization whereas Group II has been left in maximum isola- 
tion. 

Another characteristic of migrants and urbanites is their consistently 
lower degree of Indian blood.® The mean values for per cent Indian 
blood are, for the entire state: non-migrants 68.3, migrants 40.7, city 
dwellers 36.9. This is true even in the highly assimilated Group III 
where the per cent Indian blood among non-migrants is 50.9 and among 
migrants is 29.7. Among the individual tribes it is possible to compare 
mean degree of Indian blood (per tribe) and per cent of migrants. We 
obtain a value for chi-square of 13.34 and for the correlation coefficient, 
r, of —.768, both indicating a very significant relationship. There is 
thus a consistent tendency for individuals and groups genetically farthest 
removed from the pure Indian strain to migrate to centers of white 
culture. The social and racial motivation of this trend is obvious and 
needs no comment. 

In addition to age, sex and degree of blood we can derive certain 
information from the 1928 census pertaining to the family relationship 
of migrants and urban population. The census undertakes to set forth 
the exact family status of each person—such as husband, wife, widow, 
son, daughter, father, mother, cousin, single, etc. However, the relation- 
ships are social, rather than genetic. Thus there must invariably be 
a head, whether that individual is husband, widower, wife, widow, sister, 
brother, or unmarried mother. The remaining members of the social 


*In the census, degree of Indian blood is expressed as a common fraction, i.e. 
Y%, %, etc. To avoid this awkward notation the fractions are here converted into 
terms of percentage, where the per cent designated always refers to proportion of 
Indian, not white, blood. 
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family unit are grouped around the head. As a result, mature men and 
women frequently are listed as sons or daughters, while children 
occasionally appear as single or even as head of the family. The 
term single is reserved strictly for persons who are living apart from 
any recognized social family, although it may be obvious from the 
names that they have numerous relatives in the vicinity. For present 
purposes it has seemed advisable to set up four main categories which 
are of clearer connotation than the minor subdivisions: 
1. Head: includes husband, wife, widower, widow, 
divorcée or illegitimate parent. 
2. Child: includes all progeny of a head who are 
actually living under the same roof as the 
latter. 
3. Other, relatives: includes parents, aunts, uncles, 
nieces, grandchildren, etc. who are living 
with the designated head. 
4. Single: includes any individual living apart from 
a recognized family unit. 
TABLE 3 


A 
Family relationships in per cent of total, including both sexes 


1.950 
1.164 


* The ratios of other relatives were not calculated since their number is very 
small, and their significance doubtful. 
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For the state as a whole the distribution of these categories is 
shown in Table 3A. It will be observed that the general constitution 
of the family, irrespective of sex, is nearly identical in the home, migrant, 
and urban groups. If, however, we segregate the categories according 
to sex certain deviations appear. In Table 3B, it is shown that whereas 
the male-female ratio for children is almost identical for all three classes, 
the ratio for heads and single persons is markedly lower among the 
migrants and still lower among the urban class. In other words, wives 
predominate over husbands, and the relative number of single women 
becomes larger as the Indians move away from the primitive locality, 
or go to the cities. This result intensifies the previous impression 
derived from the age distribution of sex ratios that a greater number 
of females than males move into regions of high population density. 


VII 


The broad outline of migrational shift among the present Indian 
population in California now seems fairly clear. Beginning gradually 
to overcome a fundamental inertia developed during generations of 
strict localization these natives are showing a tendency to move out from 
their primitive habitats such that by 1928 some thirteen per cent of 
their population were emigrants. This movement has been intensified 
whenever and wherever contact with the whites was brought to a 
high level of intensity. On the whole its direction has been toward 
rather than away from the regions of most dense American settlement. 
The active participants have been and still are predominantly persons 
in late youth or early middle age, with a considerable admixture of 
white blood. A large share of them have been females who have 
entered white society by the pathways of matrimony or economic 
employment. This process appears to have accelerated in recent years 
and probably will run to completion within a few generations. 


HANDEDNESS AND DERMATOGLYPHICS 
IN TWINS* 


BY DAVID C, RIFE 
The Ohio State University 


= INS, both identical and fraternal, are characterized by a 
high of left-handers, as contrasted with the 


only | 13 percent of randomly paired sibs shows such intra-pair variation. 
Various theories have been proposed to account for the higher frequency 
of left-handedness in twins. 

Newman (1937) believes the intra-pair differences in handedness 
are due to the operation of an asymmetry mechanism. Those twins 
arising from embryos which separated before the primordia of handed- 
ness were established would have the same handedness, whereas those 
embryos which did not separate until after the establishment of the 
primordia of handedness show intra-pair differences. The high fre- 
quency of left-handedness in twins is thus ascribed to an asymmetry 
mechanism, which would not be functional in the determination of 
handedness in the single-born. The obvious shortcoming of Newman’s 
hypothesis is that it completely fails to account for the excess of left- 
handers in fraternal twins. 

Verschuer (1932) believes the intra-pair differences in handedness 
in both types of twins to be due to conditions im utero, peculiar to twins. 
He points out that the ratio of pairs consisting of two right-handers, 
a right- and a left-hander and of two left-handers does not deviate 
significantly from what one should expect on a chance basis. While 
this hypothesis accounts for the high frequency of left handedness in 
both types of twins, it does not appear to be a complete explanation, 
as there is convincing evidence from other sources that handedness 
in the single born has a genetic basis. For example, when both parents 


* This investigation was made possible by grant from the National Research 
Council. 
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are left-handed about 50 percent of the children are left-handed, if 
one parent is left-handed about 17 percent of the children are left- 
handed, and if both parents are right-handed about 6 percent of the 
children are left-handed (Chanberlain, 1928; Rife, 1940). 

The writer has observed that twins showing intra-pair differences 
in handedness are likely to have left handers among their immediate 
relatives. An investigation (Rife, 1939) of 305 sets of twins and their 
families showed that in both types of twins those pairs showing intra- 
pair differences in handedness are about twice as likely to have left- 
handers among their immediate relatives as are those pairs consisting 
of two right-handers. These findings led the author to suggest that 
the high frequency of left-handedness in both types of twins may be due 
to the fact that those pairs genotypically intermediate in handedness, 
consist of one right-hander and one left-hander, the unusual position 
in utero being sufficient to influence the expression of functional handed- 
ness. Those pairs genotypically strongly predisposed to either right or 
left-handedness, would not be influenced by position in utero, and would 
show no intra-pair differences. 

The work of various investigators has demonstrated that an associ- 
ation exists between dermatoglyphics and functional handedness 
(Bettman, 1932; Newman, 1934; Leche, 1933; Cummins, 1940; Crom- 
well and Rife, 1942). Comparisons of the dermatoglyphics of twins, 
classed as to handedness, affords an excellent means for checking the 
validity of our hypothesis concerning the cause of the higher incidence 
of left-handedness in twins. If correct, the dermatoglyphics of two 
right-handers should differ from twins differing in handedness or con- 
sisting of two left-handers in somewhat the same manner as right- 
handers differ from those of left-handers among single-born. 

The system employed by Cromwell and Rife (1942) affords an 
unusually good method for such a comparison. According to this 
system, for each of the pattern areas under consideration, the numbers 
of individuals having a pattern on right hands only and on left hands 
only are recorded. The five pattern areas characterized by the greatest 
bimanual variation in the general population are those considered. These 
are the thenar, second, third and fourth interdigital areas of the palm 
and the ring finger. In the ring finger the criterion is the presence 
or absence of a whorl, rather than the presence or absence of a pattern 
of any type. For each area the hand characterized by greatest pattern 
frequency in the general population is termed superior, whereas the other 
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TABLE 1 


The distribution of superior and inferior patterns among the single born and twins 

R—right-handed; L—left-handed; I—identical twins; F—fraternal twins; 
S—single born: T—thenar/first interdigital; Il—second interdigital area ; Ili— 
third interdigital area; IV—fourth interdigital area; R—ring finger. 


TYPES NO. INDI- 
OF INDI- VIDUALS 
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Il Il No. 
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hand is termed inferior. The right hand is superior for the ring finger, 
and the second and third interdigital areas, while the left hand is 
superior in the thenar/first interdigital, and fourth interdigital areas. 
In the general population, left-handed females show significantly greater 
proportions of individuals having patterns only on inferior areas than 
do right-handed females. While similar trends are shown in males, 
they are much less pronounced, and are of no statistical significance 
(Cromwell and Rife, 1942). 

As a pair of twins possesses two right and two left hands, the 
above system requires some modification in comparisons of their 
dermatoglyphics. Thus, if a pair of twins has whorls on both right 
ring fingers, and none on either of the left ring fingers, the pair is 
recorded as having two superior ring finger patterns. If one right ring 
finger and one left ring finger of the pair have whorls, or if all four 
ring fingers possess whorl patterns, or if none possesses a whorl, the 
inferior and superior values cancel for that particular pair. If a pair 
has whorls on two rights and one left ring finger, or on one right 
and neither left, the pair has a superior value of one for that area. 
Likewise, if a pair has whorls on both left ring fingers and one right, 
or on one left, and on neither right, the pair has an inferior value of 
one for that area. In other words, only the excess of patterns in 
superior or in inferior areas within pairs is recorded. 

Table 1 shows such comparisons for 365 pairs of twins, grouped 
according to zygosity, sex and handedness. Data from 1340 single- 
born individuals (Cromwell and Rife, 1942) are also included. The 
criteria for handedness are the same as those used by Cromwell and 
Rife (1942). The twins were diagnosed as to zygosity on the basis 
of criteria described elsewhere (Gardner and Rife, 1942). Note that 
among the females of both monozygotic and dizygotic twins those pairs 
consisting ef two right-handers show considerably greater bimanual 
variation than do those having one or two left-handers. Male fraternals, 
as well as unlike-sexed fraternals, likewise show a decrease in superior- 
inferior variation in pairs having one or two left-handers. This trend 
is reversed in male identicals, but only twenty such pairs differing in 
handedness are included. 

Figure 1 illustrates the percentages of inferior and superior patterns 
among the single-born groups investigated by Cromwell and Rife 
(1942), and among the 365 pairs of twins included in this investigation. 
As five pattern areas are considered on each hand, the total number of 
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paired pattern areas within the single born is five times the number of 
individuals, and within twins ten times the number of pairs of twins. 
An examination of Fig. 1 reveals similar trends for the single-born 


INTRA-PAIR DIFFERENCES 
IN HANDEDNESS 
Fic. 1. DraGRAMMATIC REPRESENTATION OF PERCENTAGES OF SUPERIOR AND 


PATTERNS WITHIN BotH SINGLE Born AND Twins, 
Grourep AccorpInc To Sex, Zycostry AND HANDEDNESS 


Inferior percentages are shown in column on left and superior percentages in 
column on right. For actual percentages see Table I. S-single born; I-identical 
twins; F-fraternal twins. 
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and twins of both types. Especially striking is the increase among 
females of inferior patterns in both the left-handed single born and 
in both R-L and L-L twins as contrasted with the right-handed single- 
born and R-R twins. 

A slight increase is shown in the occurrence of inferior patterns 
among left-handed single-born males, but there is a slight decrease 
among R-L and L-L identical male twins. Male and unlike-sexed 
fraternal show slight increases in the frequencies of inferior patterns in 
R-L as contrasted with R-R pairs, but these groups are small. 


TABLE 2 


Comparative frequencies of inferior patterns among female single born 
and twins, grouped according to handedness 
Chi-square values of 3.841 or above are considered significant. 


NO. PAIRED 
PATTERN AREAS NO. 
WITHOUT INFERIOR 
INFERIOR PATTERNS 
PATTERNS 


Right-handed single born females 1426 
Left-handed single born females 1516 


Right-handed pairs female twins 1402 
Female pairs twins one or both 
489 


with one or both left-handed 2005 126 2131 


Table 2 shows the results of comparisons in 2 x 2 tables of the 
frequencies of inferior patterns among females grouped according to 
handedness. Among the single born the occurrence of inferior patterns 
is significantly higher in left-handers than in right-handers. Among 
twins, identicals and fraternals combined, the frequence of inferior 
patterns is greater among pairs having one or two left-handers, the 
increase being slightly below the level of significance. When twins 
end single born are combined, the differences are highly significant. 
As males show only slight, and not completely consistent, differences in 
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the frequencies of inferior patterns between groups differing in handed- 
ness, a statistical comparison is not necessary. 

These observations confirm what should be expected if R-L twins 
are genotypically more predisposed towards left-handedness than are 
those pairs composed of two right-handers. But it may logically be 
argued that the expression of both handedness and dermatoglyphics in 
twins can be modified in those pairs which separate relatively late by 
the operation of the asymmetry mechanism. If correct, however, we 
should expect the dermatoglyphics of the right-handers within R-L 
identical twin pairs, especially among females, to show lower frequencies 
of inferior patterns than do the left-handed members of such pairs. 
If our genotypic hypothesis is correct, no such intra-pair differences 
should be manifested. 


TABLE 3 


Comparisons of superior and inferior pattern frequencies of right-handers 
with left-handers from R-L identical twins 


NUMBER 
INDI- TOTAL S-I 
VIDUALS 


TYPES OF 
INDIVIDUALS 


R from R-L? I 36 


L from I 


R from R-L¢ I 


L from R-Lé I 


Table 3 shows comparisons of the right-handers with the left- 
handers of 36 female and 20 male identical R-L pairs, in respect to 
the occurrence of superior and inferior paired pattern areas. No real 
differences are indicated between right and left-handers, the right- 
handers showing slightly more inferior patterns than the left-handers. 
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The evidence obtained from dermatoglyphics thus agrees with that 
obtained from investigations of the handedness of the relatives of 
twins, in strongly indicating that whether or not a given pair of twins 
shows intra-pair differences in handedness depends upon the genotype 
of the twins. 


SUMMARY 


Left-handed single born individuals show significantly higher fre- 
quencies of inferior patterns than do right-handed single born. This 
tendency is significant only in females. 

Female twins, both identical and fraternal, manifesting intra-pair 
differences in handedness, or consisting of two left-handers, show 
increases in the occurrence of inferior patterns when contrasted with 
those pairs consisting of two right-handers. Similar trends are not 
apparent in male twins. 

No differences are apparent in the occurrence of inferior patterns 
between right and left-handed members of identical twin pairs, showing 
intra-pair differences in functional handedness. 

Intra-pair differences in handedness in identical, and to some extent 
in fraternal twins, apparently occur in those pairs genotypically inter- 
mediate in respect to functional handedness. Circumstances in utero 
modify the expression of the trait in that members of the pair differ. 
Twins genotypically strongly right or left handed show no intra-pair 
differences in handedness. 


LITERATURE CITED 


Betrman, S. 1932. Die Papillarleistenzeichnung der Handflache in ihrer Bezie- 
hung zur Handigkeit. Zeitschr. f. Anat. u. Entwick., 98, 149-74. 

CHAMBERLAIN, H. B. 1928. Inheritance of left-handedness. J. Hered. 19:557-559. 

CroMWELL, Howarp, and D. C. Rire. 1942. Dermatoglyphics in relation to func- 
tional handedness. Human Browocy, 14: 516-526. 

Cummins, Harotp. 1940. Finger prints correlated with handedness. Am. Jour. 
Physic. Anthro., 26: 151-66. 

Garpner, Ina Cox, and Davin C. Rire. 1941. The diagnosis of five sets of triplets. 
J. Hered., 32: 26-32. 

Lecue, Stetta M. 1933. Handedness and bimanual dermatoglyphic differences. 
Am. Jour. Anat., 53: 1-53. 

Newman, H. H. 1934. Dermatoglyphics and the problem of handedness. Am. Jour. 
Anat., 55 : 277-322. 


ed- 
‘ins 
are 
in 
by 
we 
cies 
irs. 
ces 
10 
I 
eft- 
t to 
real 
ght- § 
lers. 


54 HUMAN BIOLOGY 


Newman, H. H., F. N. Freeman and K. H. Houzincer. 1937. Twins; A Study of 
Heredity and Environment. The University of Chicago Press. 

Rirg, D. C. 1940. Handedness with special reference to twins. Genetics, 25: 178- 
186. 

Verscuuer, O. V. 1932. Die biologischen Grundlagen der menschliehen Mehrlings- 
forschung. Zeit. ind. Abst. u. Uererbrugs., 61: 147-207. 


= 

| 

Sin 

difi 

emy 

and 

ina 

occt 

zyg 

call 

ima 

ima 

diff 

of 

alsc 

whe 

for 

: sho 

able 

nes: 

of « 

pait 
7 
i 


DERMATOGLYPHICS AND “MIRROR 
IMAGING” 


BY DAVID C. RIFE 
The Ohio State University 


AND 


HAROLD CUMMINS 
Tulane University 


E manifestations of bilaterally asymmetrical features in 
pairs of identical twins have been the object of much interest 
and speculation. Handedness, the hair whorl at the vertex, 


Since identical twins are so closely similar in other respects, intea-peis 
differences in asymmetrical traits such as these have been specially 
emphasized. The existence of comparable differences in fraternal twins 
and in randomly paired sibs has been largely overshadowed, resulting 
in a rather widespread but mistaken impression that asymmetry reversals 
occur in most identical twin pairs and that they are evidence of mono- 
zygosity (Kaomai, 1928). 

Intra-pair reversals of bilaterally asymmetrical traits are frequently 
called “mirror-images”. Although many traits show occasional mirror- 
imaging in twins, in all probability, pairs never are complete mirror- 
images of each other. The members of such a pair would necessarily 
differ internally, in that one member would have a complete transposition 
of the viscera (situ inversus viscerum perfectus); they would present 
also complete reversals in such traits as handedness, eye dominance, hair 
whorl, dermatoglyphics, dental irregularities and pecularities of ear 
_ form. Only a few pairs of monozygotic twins have been recorded as 
showing situ inversus viscerum in one member of the pair, and it is 
extremely doubtful that the visceral transposition in these cases is trace- 
able to the state of twinning. Reversals of visceral asymmetry, handed- 
ness, hair whorl and dermatoglyphics appear to occur independently 
of each other. 

About 20 percent of both identical and fraternal twins show intra- 
pair differences in functional handedness, as contrasted with only 13 
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percent of randomly paired sibs (Rife, 1940). As both types of twins 
show a higher incidence of left-handedness than the single-born, handed- 
ness is obviously of no value in twin diagnosis. Recent investigations 
(Rife, 1940) indicate that whether a pair of twins is alike or unlike 
in handedness depends upon their genotypes, rather than upon a hypo- 
thetical asymmetry mechanism which is subject to reversals of action 
in monozygotic twinning (Newman, 1940). Twins strongly predisposed 
by genotype to right or left handedness show no intra-pair differences, 
while circumstances peculiar to twins in utero may result in intra-pair 
differences in twins that are genotypically intermediate or ambidextrous. 

In this paper we are primarily concerned with asymmetry reversals 
or so-called mirror-imaging of dermatoglyphics, especially in twins. In 
the general population most dermatoglyphic features show bimanual 
distinctions of frequency, some having greater frequencies on right 
hands, and others on left hands. Is there a tendency among identical 
twins for one member of the pair to show reversals of the usual bimanual 
differences, with consequent resemblance of the right hand of one mem- 
ber to the left hand of the other member? Newman (1928) has 
stated: “In every pair of obviously monozygotic twins, the rule holds, 
that there is stronger cross resemblance between the hands of one twin 
and those of the other, than between the two hands of the same indi- 
vidual.” Such cross resemblances might be between the two right and 
the two left hands of the pair, or between the right of one and the left 
of the other. The latter type of resemblance would be what is usually 
classed as mirror-imaging, or heterolateral similarity. Often it has been 
inferred from such statements that heterolateral resemblances in identical 
twins are as common as are homolateral resemblances (right with right 
and left with left). 

Investigators of twins generally agree in recognizing dermatoglyphics 
as valuable, although not infallible, criteria of zygosity (Cummins, 1930; 
MacArthur, 1938). It is logical to suppose that identical twins should 
show great homolateral resemblances, in view of the fact that they have 
the same genotypes, and that there are bimanual variations in the 
occurrence of patterns. The bilateral similarities of each member of 
the pair should be of about the same order as the heterolateral similarities 
of the two members, and less than their homolateral similarities. If 
there were an asymmetry mechanism operating in the production of 
identical twins in such a way as to cause frequent asymmetry reversals, 
a disproportionally high heterolateral resemblance might be expected 
in identical twins. 


(1 
in 
fe: 
oc 
the 
an 
ty] 
of 
ba 
au 
of 
an 
sin 
fre 
bil 
cor 
het 
a the 
the 


MIRROR IMAGING 57 


Meyer-Heydenhagen—method and data 


It is possible to predict how frequently asymmetry reversals or 
“mirror-imaging” should occur on the basis of pure chance. 
If we allow: 
@ = percent individuals with patterns on both hands 
b = percent individuals with patterns on right hands only 
¢ = percent individuals with patterns on left hands only 
d = percent individuals with patterns on neither hand. 


a+b+c-+ d= percent 
(a+b-+c¢-+ d)? = frequencies of various combinations 
with pairs 
2be = expected frequency of pairs showing mirror- 
This type of calculation was first employed by Meyer-Heydenhagen 
(1934). She compared the observed and calculated frequencies of 2bc 
in 100 pairs of identical twins and 100 pairs of fraternal twins. Four 
features were included, the terminations of lines D and A, and the 
occurrence of thenar and hypothenar patterns. Her data show that 
there are no significant deviations of observed from expected values, 
and the frequencies of 2bc are of practically the same order in both 
types of twins. 


Lauterbach data 


In 1924 Lauterbach conducted an investigation of over 200 pairs 
of twins attending the high schools of four Wisconsin cities (Lauter- 
bach, 1925). Later he generously placed at the disposal of the junior 
author his extensive data, including palm prints for each pair, records 
of numerous other physical traits, intelligence quotients, photographs 
and a notation of his judgement as to zygosity. 

Table 1 lists the frequencies, in percentages, of instances of dis- 
similarity of palmar features in twin pairs (65 identical pairs, 118 
fraternals). The comparisons are drawn in the three possible ways: 
bilateral, comparing opposite hands in the same individual ; homolateral, 
comparing corresponding hands in the two members of the pair; 
heterolateral, comparing right hand of one twin with the left hand of 
the other. In the case of the five configurational areas listed first in 
the table the comparison is based on the presence or absence of true 
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patterns, and does not extend to the various types of patterned configura- 
tions. Line C is considered in reference to the presence or absence of 
any one of the expressions or reduction of the line (in formula, O, X 
or x). Each of the quantitative comparisons involves the measured 
distance between two triradii; in all the individual comparisons the two 
distances were recorded as dissimilar only if the difference in the two 
measurements exceeded 2 mm. 


TABLE 2 


The frequencies of pairs of identical twins from the Lauterbach series showing 
mirror-imaging in palmar dermatoglyphics, as compared with 2bc 
values obtained from 200 unrelated individuals 


049 .O15 .062 + .031 


Difference = .013 + .034 


Table 2 shows the observed frequencies of intra-pair reversals in 
65 assumedly monozygotic twins included in the Lauterbach series. 
2be values in this instance were determined from a, }, c, and d values 
including 200 unrelated single-born individuals unselected for handed- 
ness, 100 males and 100 females. Nine different features, including 
each of the five palmar pattern areas, intertriradial distances a-d, a-b, 
b-c, and the radial extent of main line D were used in these comparisons. 
In no case is there a significant deviation between values for the unre- 
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lated single-born and for identical twins; the difference between the 
means is less than one-half of the probable error. 


Recent data 


A similar method has been used in the analysis of the prints of 
twins, paired sibs and unrelated pairs assembled by the senior author. 
These latter data were obtained from 227 pairs of identical twins, 
96 pairs of liked-sexed fraternal twins, 296 paired sibs and 1,306 unre- 
lated individuals. As shown in Tables 4 and 5 males and females 
were treated separately. 

The twin data were collected at the International Twin Conventions 
at Fort Wayne in 1937 and 1939, and the Maine Twin Party in 1938, 
the Baylor University Twin Club parties in 1940 and 1941, and from 
twins attending the Public Schools of Columbus and Ohio State Univer- 
sity and living in or around Columbus. The excess of identical twins 
is largely due to the fact that far more identical than fraternal twins 
attend twin conventions and parties. 

Diagnosis was made on the basis of general similarities in 
physiognomy, body conformation and dermatoglyphics. Whenever 
feasible the blood groups and M and N reactions were obtained. As 


TABLE 3 


Observed and calculated numbers of assumedly identical and fraternal twins alike 
in the blood groups and reactions, and unlike in one or both. The calculated 
numbers for fraternal twins are derived from the percentages of like and 
unlike pairs found among single-born brothers and sisters 


ASSUMEDLY IDENTICAL ASSUMEDLY FRATERNAL 


shown in Table 3, all twins positively diagnosed as identical were found 
to be alike in both reactions when tested, whereas assumedly fraternal 
pairs showed approximately the same degree of intra-pair variation as 
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do single born paired sibs in populations of similar origin. Thus while 
we cannot prove that all pairs have been correctly diagnosed, the devia- 
tion is so slight that there can be little doubt that the great majority 
of pairs have been correctly classified. Some doubt existed at first 
concerning the zygosity of approximately 20 pairs, but further checks 
of dermatoglyphics, blood and photographs have cleared up most of 
these cases. 

The sibs data were collected from 32 families. A grant from the 
National Research Council made possible the assembling of the sib 
and part of the twin data. The data on unrelated pairs were estimated 
from the prints of 300 right-handed males, 418 left-handed males, 
288 right-handed females and 300 left-handed females, collected by 
Cromwell (Cromwell and Rife, 1942). All the prints and data used 


TABLE 5 


Average percentages of mirror-imaging among twins, sibs and unrelated pairs 


AVERAGE PERCENT 
MIRROR-IMAGING 


1.68 
1.62 
2.44 
1.69 


Unrelated pairs 
Unrelated pairs ¢ 
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in the compilation of Tables 3, 4 and 5 are on file in the Genetics 
Laboratory at Ohio State University. 


ne In this investigation the presence or absence of patterns on each of 
rst the five palmar areas, and the presence or absence of whorls on each 
es of the five finger tip areas are included. On palms, both vestigial and 
of true patterns are classed as patterns. 

Table 4 lists the predicted and observed numbers of pairs in each 
he group manifesting mirror-imaging for each area, and also the total. 
sib Note that among females the observed approximates the expected in 
od each group, and that there are no significant differences between different 
be groups. Among the males the observed frequencies exceed the calcu- 
b ; lated, but in no instance is the difference significant. 
bs Table 5 shows the totals converted to average percentages for each 


group. In each group males show higher percentages than do females. 
This is what one might expect, in view of the fact that males in general 
show greater bimanual variation than do females. Within sexes, no 
significant variations are shown among the four groups. The story 
is the same as that obtained from Meyer-Heydenhagen’s studies, and 
from the Lauterbach series. So-called mirror-imaging of dermato- 
glyphics occurs no more frequently in monozygotic twins than in unre- 
lated pairs. 


SUMMARY 


Data assembled by three independent investigators and analyzed by 
different individuals agree in revealing that “mirror-imaging” in 
dermatoglyphics occurs no more frequently in monozygotic twins than 
in random pairs of unrelated individuals, sibs and fraternal twins. Thus 
occasional asymmetry reversals of dermatoglyphic features in one mem- 
ber of a pair of twins appear to be in no way related to the twinning 
process and are consequently of no value in twin diagnosis. Twins 
and paired sibs show approximately the same degree of such asymmetry 
reversals, thus indicating that conditions in utero peculiar to twins of 
both types have no affect on bilateral asymmetries of dermatoglyphics. 
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DAILY DECREASES IN THE BODY TOTAL AND 
STEM LENGTHS OF NORMAL CHILDREN 
BY HARRIET J. KELLY, Px.D., HELEN J. SOUDERS, MS., 

A. THERESA JOHNSTON, M.S., LOUISE EMERSON 


BOUND, B.S., HELEN A. HUNSCHER, Pu.D., AND 
ICIE G. MACY, Pu.D. 


The Research Laboratory of the Children’s Fund of Michigan, Detroit 


SN investigations of nutrition and chemical growth it is exceed- 
iE \ ingly important that the best techniques of linear measure- 
lz Ee ment be used, for it is possible that length of the body may 
[== — = be found to bear a definite relationship with retention of 
some elements. Calcium and phosphorus are the principal minerals 
composing the skeletal tissues and studies of the utilization of these 
elements are frequently interpreted upon the basis of body length alone 
or an index such as physical type, which is influenced by this measure- 
ment. Ninety-nine per cent of the calcium in the body is in the bone 
structures, with a large percentage of the »hosphorus. Even the amounts 
of constituents present in the skeleton in extremely small amounts, such 
as magnesium, which is believed to promote hardness of the bones, are 
related to the quantity of hard tissue in the body and may be found to 
be related to body length. In growth studies of only a few individuals, 
but over prolonged intervals of time, it is essential that every measure- 
ment be as accurate as possible. Degrees of reliability and objectivity 
of observations, though recognized early, have recently been emphasized 
as possible reasons for variability which might erroneously be interpreted 
as true differences. In making length measurements which are to be 
referred to other physical, or chemical and biological measurements, 
a collection of pseudo-significant data may result if differences in the 
time of day at which the records are obtained or in the relative amounts 
of activity by the different subjects prior to measurement are ignored. 
For 165 years it has been known that the body may shrink in height 
during the day. In 1777, Montbeillard (1, 2) had longitudinal data 
on growth in stature and noted that height decreased during the day. 
From measurements of his son, he observed a loss of 38 mm. after a 
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night of dancing and recovery of the decrease after a twenty-four hour 
rest. Curtiss (3) reported the gain in stature following a night's rest, 
for 17, a 19, and a 21 year old boy who were measured at 10 p.m. and 
again the following morning at 6:30. The increases ranged from 9 
mm. to 29 mm., with an average of 18.12 mm. The true cause of change 
in height during the hours of activity is not known, although some 
have considered muscle tone responsible. Whether chemical action, 
dehydration, and other physiologic processes play a rdle in the decrease 
in stature is uncertain. 

Shrinkage in height following sustained functional activity during 
the day may be related to muscular fatigue. It is known that the varying 
decrease in muscle ability to respond which accompanies fatigue is due 
to a progressive loss of irritability and contractibility of the muscle. 
After a rest period there is a restoration of muscle tone and irritability 
(4). In 1925, Potter (5) reviewed the literature pertaining to exercise, 
fatigue and body position, in relation to cardiovascular manifestations, 
muscle strength and symmetry, acidity of urine, nitrogen products, 
toxins, vitamins, and methods of measurements. This author reported 
differences in length measurements for four Merrill-Palmer school boys, 
from 54 to 60 months of age. The boys were measured upon arrival 
at nursery school (semi-tired state), at noon after work and play periods 
(most-tired state), and again following an afternoon nap (most-rested 
state). The differences between the semi-tired and most-rested states 
were 7.1 mm. for recumbent length, 6.2 mm. for stature and 6.3 mm. 
for recumbent stem length. The differences between the most-rested 
and most-tired states were 14.2 mm. for recumbent length, 16.2 mm. 
for stature and 14.3 mm. for recumbent stem length. 

Since that time the physiological and chemical consequences of 
exercise and fatigue have been studied extensively but daily shrinkage in 
recumbent total and stem lengths have not been reported in connection 
with them, nor have sex differences been studied. The possibility of 
misinterpretation arising from correlation of insufficiently controlled 
length measurements with other biological data has not been pointed out. 


EXPERIMENTAL 


During a comprehensive study of nutrition and chemical growth in 
childhood (6), morning and evening recumbent total and stem lengths 
were obtained for 10 normal children, 4 to 8 years old, at approximately 
two-week intervals over a period of eight months. The observations 


we 
by 
vid 
we: 
vat 
per 
of 
fibe 
Sct 
mo: 
con 
of 
sin} 
the 
the 
tool 
age: 
met 
are 
arez 
The 
ethe 
(9) 
fact 
rate 
base 
Tab 
is 
of t 
Syst 
fron 
dem 
norr 


DECREASES IN BODY LENGTH 67 


were made to estimate the average daytime shrinkage in recumbent length, 
by normal children; to determine the relative decreases of the indi- 
viduals; and to ascertain whether morning or evening measurements 
were most suitable for comparison with the results of biochemical obser- 
vations. The children lived in a comfortable, congenial environment 
comparable to the average home situation, attended school and had ample 
periods of unrestricted play. They received generous diets composed 
of common foods and containing ample amounts of protein, calories, 
fiber, minerals, and vitamins. 

Measurements of the nude subjects were taken on the Merrill-Palmer 
School measuring board (7), the first immediately upon arising in the 
morning and the other just before retiring for the night. The favorable 
conditions of dietary and environment, accompanied by a regular routine 
of living which included ten hours of sleep each night, in comfortable 
single beds, assured the fully rested state of the children at the time of 
the morning measurements. Of three observers, groups of two obtained 
the measurements for corresponding mornings and evenings, each person 
took two readings for each of the two measurements, alternating. Aver- 
ages were determined for the four morning and four evening measure- 
ments and the difference determined. 

The mean decreases in the recumbent lengths of the ten children 
are given in Table 1, together with their ages, lengths, weights, surface 
area, physical type, laxation rate, and basal heat production per day. 
The laxation rates (bowel movements per day) and studies of urinary 
etheral sulfur output (8) and disappearance of complex carbohydrates 
(9) indicate that intestinal intoxication did not contribute any abnormal 
factors to the results of the study. Since fatigue may depend upon the 
rate of oxygen consumption during metabolism in the body, the average 
basal heat production per 24 hours for the individual child is presented in 
Table 1. When referred to the Boothby-Sandiford standards, the aver- 
age basal metabolic rate for the group of children was —5.3, a value that 
is considered within the normal range. The average body temperatures 
of the 10 children ranged from 98.2 to 99.0° F., their respiration rates 
from 17 to 27 and pluse rates from 70 to 94 per minute. Average 
systolic pressure for the individuals ranged from 83 to 98, diastolic 
from 57 to 70 mm. of mercury. These and other observations (6) 
demonstrate the conformance of the group with accepted standards of 
normal response. 


nour 
rest, 
and 
m 9 
ange 
ome 
tion, 
‘ase 
ring 
ying 
due 
scle. 
vility 
cise, 
ions, 
ucts, 
rted 
rival 
iods 
sted 
tates 
mm. 
ested 
mm. 
s of 
ze in 
ction 
y of 
olled 
out. 
th in 
igths 
ately 
tions 


& 
= 
= 
<= 


§ 

‘sinoy bz sad suonesajaq t 


§g'901 
9'gor 


66°21 


ozol 


g4o1 


NOLLONGOad taiva 4fadAL 
IvSv@ NOILVXV1 TVOISAHd 


OF fo yuaquincas ayy us Sasvasrap 0; py 


| 68 
lo: 
£ 2333393333 
wi 
17 
of 
| fr 
ci 
“ 
8: 
8: 
fre 
an 
] 
] 
| 
‘ 


DECREASES IN BODY LENGTH 69 


The average decreases in total recumbent length ranged from 13 to 
18 mm. and represented from 1.1 to 1.6 per cent of the corresponding 
total lengths of the children. The younger children showed the greater 
losses in length when referred to total length, but no relationship is 
evident between the length decreases and body weight, surface area, 
physical type, laxation rate, or basal heat production. 

The average decreases found for the normal children are comparable 
with values for loss in stature which have been reported in the literature 
(2, 10, 11). Malling-Hansen (1) measured 70 school-age boys, 9 to 
17 years old, over a two-year period and found their stature to be 
1 cm. less when they went to bed than when they got up in the morning, 
of which 2 mm. was lost during the first hour. Wiener (10) found 
from measurements of two of his sons daily losses in stature of 1.3 
cm. and 1.9 cm., of which 0.8 cm. and 0.9 cm. were lost during the first 
hour. A nap caused a partial return. Nylin (1) reported average 
decreases in the stature of 16 boys, 8 and 9 years old, of 0.13 cm. from 
8:00 to 8:30 a. m.; 0.22 cm. from 8:00 to 9:00 a. m.; 0.65 cm. from 
8:00 to 10:00 a. m.; 0.74 cm. from 8:00 to 11:00 a. m.; and 0.79 cm. 
from 8:00 to 12:00 a. m. 

Palmer (12) measured the stature of 3 pre-school children at hourly 
intervals during the day for three to five consecutive days; he observed 
a decrease of 7.0 mm. the first hr.; 3.5 mm. the second hr. ; 2.5 mm. the 
third hr. ; 2.0 mm. the fourth hr.; and 25 mm. during 16 hours. Redfield 
and Meredith (10) reported on 22 pre-school children, 4 and 5 years 


TABLE 2 


Mean daily decreases in recumbent length shown by 608 semi-monthly 
measurements of 10 children 
(millimeters) 


TOTAL 
Total Girls Boys 


63 


STEM 

Boys 

Number ............ 152 152 63 89 
Minimum .......... 6.4 6.4 7.9 4.0 4.0 6.4 
Maximum .......... 25.4 23.8 25.4 29.4 20.4 28.6 
14.7 13.7 15.4 15.6 15.5 . 15.7 
Standard deviation. .. 4.1 3.8 4.1 4-4 5.0 4.0 
14.4 13.6 15.2 15.7 15.1 15.7 
goth percentile....... 19.4 18.4 19.7 21.6 23.0 20.7 
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old. During the afternoon nap there was an increase ranging from 
© to 21 mm., with an average of 9.3 mm. in stature and from —4 to 
23 mm., average 7.7 mm., in sitting height; a loss of from 1 to 15 mm., 
average 8.2 mm., in stature and from —10 to 20 mm., average 6.8 mm., 
in sitting height occurred during the first hour after the rest. 

The results from frequency distributions drawn for all the differences 
in length of the ten children are shown in Table 2. The average 
difference found for recumbent total length falls between those for 
stature found by Malling-Hansen, by Curtiss, and by Palmer and is 
approximately the same as the average for Wiener’s two sons. The 
values reported for decrease in stature over shorter periods of time’ 
and the sitting height and stem-length decreases reported for a part 
of the day are all less than the average recumbent total and stem length 
values found in this study. The mean differences between the morning 
and evening measurements of recumbent total and stem lengths for all 
of the children were 14.7 and 15.6 mm., respectively. These differences 
are approximately equivalent to three months’ gain in recumbent length 
by the same children. The medians approximate the means in magnitude, 
indicating a symmetrical distribution. The goth percentile values of 
19.4 and 21. 6 mm. indicate the great differences that may occur between 
morning and evening measurements taken by the same observers. The 
data in Table 2 emphasize that erroneous conclusions may be made 
from body length measurements which are taken very carefully but 
without regard to time of day, particularly when trends of increase 
in length are studied in relation to other physiologic processes. 

The decreases found in the recumbent stem lengths of the children 
are larger than the decreases in total length (Table 2); also, the 
variation shown by the range values is greater. Measurements of stem 
length are usually found to be much less consistent than those of total 
length, owing to variation produced by slight differences in position 
and the shifting of the fat pads in response to pressure against the 
buttocks. 

Upon applying the critical ratio’ technique to the data for boys and 
girls and to the data for total and stem lengths, critical ratios of 2.5 
for recumbent total length and 0.2 for recumbent stem length, indicate 
that there may or may not be a real difference between the results 
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found for boys and for girls. Disregarding sex, data for the two 
measurements provided a critical ratio of 1.8, indicating that the differ- 
ence between decreases in total and stem length may or may not be real. 
Although these differences have not been proven statistically significant, 
their magnitude portrays a real need for taking anthropometric measure- 
ments when the body is in a fully rested state or when the subjects 
have been equally active, if growth is to be studied. The evidence indi- 
cates that morning measurements are the most reliable, for at other times 
during the day the amounts of activity or tissue changes prior to measure- 
ment, which are unmeasurable, are variable factors included in the 
measurement. 


SUMMARY 


Morning and evening recumbent total and stem lengths were obtained 
for 10 normal children, 6 boys and 4 girls, at approximately two week 
intervals for eight consecutive months. Application of the critical ratio 
technique to the data for boys and girls and to those for total and stem 
length indicated that the differences may or may not have been real. 

The average decreases in total length per child during the day ranged 
from 13 to 18 mm. and represented from 1.1 to 1.6 per cent of the corres- 
ponding total lengths of the children. These differences are approxi- 
mately equivalent to three months’ gain in recumbent length by the 
same children and emphasize that erroneous conclusions may be made 
from body length measurements which are taken very carefully 
but without regard to time of day, particularly when trends of increase 
in length are studied in relation to other physiologic processes. 
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CANCER AND MARITAL STATUS 


BY HAROLD DORN 


SS, ARIOUS analyses of clinical records and official mortality 
i statistics have indicated a relationship between marital status 
a) and mortality from cancer of certain specific sites. For 


———4j example, the Registrar-General’s Decennial Supplement 
for England and Wales reported that for the period 1930-32 the stan- 
dardized death rates from cancer of the breast for married, widowed or 
divorced, and single females were, on a relative basis, 100, 107 and 134. 
On the other hand the corresponding indices of mortality from cancer 
of the uterus were 100, 131 and 55. For cancer of all genital organs 
the ratios were 100, 127 and 78. 

At first thought these figures appear to suggest that childbearing 
decreases the likelihood of the development of breast cancer, but increases 
the likelihood of cancer of the genital organs. This conclusion was 
strengthened by the fact that for married women the death rate from 
cancer of the uterus increased with a decrease in social-economic status 
while the death rate from cancer of the breast varied directly with 
social-economic status. But the mortality rates for single women showed 
the same relative variation by social class as the rates for married 
women, which seemed to indicate that marital status was not the only 
factor affecting the development of cancer of the breast and genital 
organs. 

Although the death rates for both married and single women were 
affected by social status, within each social class the mortality rate 
from cancer of the breast was higher among single women while the 
rate from cancer of the uterus was higher among married women. 

Even though marital condition seemed to determine, in part at least, 
the relative prevalence of breast and uterine cancer it did not affect 
the total mortality from both combined. The mortality indices for 
married, widowed or divorced, and single women for cancer of the breast 
and genital organs together were 100, 117, and 105. Furthermore, for 
all forms of cancer the corresponding ratios were 100, 114, and IOI. 
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Some additional information concerning the relationship of cancer 

to marital status can be obtained from the vital statistics of Australia. 
Beginning in 1921 persons who died from cancer were classified as 
never married, married without children, and married with children. 
Moreover, at the census of 1921 information concerning the number of 
children ever born was obtained so that it was possible to separate the 
population into the three classes used in the tabulation of the mortality 
records. 
Due to the relatively small population in Australia it seemed desirable 
to use deaths for a five-year period in the computation of mortality rates 
for cancer. Accordingly the deaths for 1919 and 1920 were distributed 
among the three marital groups proportionately to the deaths for 1921- 
1923. Death rates for all forms of cancer computed in this way are 
shown in Table 1. 


TABLE 1 


Crude and standardized death rates from cancer by sex and 
marital status, Australia, 1919-1923 


CRUDE RATE STANDARDIZED 
RATE 


Male Female Male Female Male Female 


120 112 168 179 103 
150 170 182 183 112 
196 183 163 163 100 
170 i167 165 167 pe 


Rates are per 100,000 population. The total female population of Australia, 
1921, was used as the standard. 


For both males and females the married persons with children have 
the lowest death rate from cancer while the married persons without 
children have the highest rate. The variation, however, is not great. 
Indeed, for males the mortality rate for single males is only 3 percent 
higher than the rate for married males with children. It is not immedi- 
ately obvious why the death rate for married persons without children 
should be higher than that for the other two groups. 


q 
PR 
Buc 
Ston 
Inte: 
Skin 
All. 
Fem 
Brez 
All 
Tot 
1921 
RATIO OF | 
MARITAL STATU 
diff 
vari 
Never married......... 110 of t 
Married without children 112 ond 
. Married with children. . 100 
of 1 
4 per 
| 
and 
dect 
| pos: 
effe 
of 


CANCER AND MARITAL STATUS 


TABLE 2 


Standardized death rates from cancer by primary site and 
marital status, Australia, 1919-1923 


Rates are per 100,000 population. The total female population of Australia, 
1921, was used as the standard. 


Table 2 presents mortality rates for specific sites. With the exception 
of cancer of the breast and female genital organs there is very little 


difference in the mortality of the three groups. The greatest relative 
variation is for cancer of the breast. If the mortality rate of married 
women with children is taken as 100, the corresponding relative indices 
of mortality for the childless married women and the spinsters are 142 
and 167. The same relationship exists at each age group after 35 
years. Among women 25-34 years of age the death rate from cancer 
of the breast is slightly higher for married women with children, 2.4 
per 100,000 population compared with 2.0 for single women and 1.8 for 
married women without children, but the number of deaths in this age 
group is relatively small so that the difference is not of much importance. 

These observations are in agreement with similar data for England 
and Wales, and lend support to the belief that the bearing of childven 
decreases the likelihood of death from cancer of the breast. It is not 
possible from the available data to determine whether one child is as 
effective as 10 for this purpose. 

If motherhood is an important factor in decreasing the incidence 
of cancer of the breast it might seem that married women without 
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NEVER MARRIED NEVER MARRIED 
PRIMARY SITE MARRIED Without With MARRIED Without With 
children children children children 
Male Female 
Buccal cavity.......... 24 a1 18 2 2 2 
Stomach, liver.......... 70 74 70 49 46 49 
ed Intestines ............. 21 26 23 25 27 25 
8 7 8 5 4 5 
ire All other organs........ 44 55 43 27 26 26 
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children should have a death rate as high as single women whereas it 
actually is about 15 percent less. It has been known for many years 
that married persons live longer than unmarried, so that the lower death 
rate from cancer of the brest of the childless married women as com- 
pared with the rate of single women may merely reflect the health 
advantage of married women. Moreover the fact that a married women 
is childless does not necessarily mean that she has never been pregnant 
although such an assumption would probably be true in most instances. 
It is apparent that pregnancy history is only one of the factors influ- 
encing the chances of dying from cancer of the breast so that its effect 
should not be unduly emphasized. 

Although the death rate from cancer of the female genital organs 
is higher among married than among single women in Australia just 
as it is in England, the subdivision of the married women into those 
with and without children reveals that the higher rate among married 
women is due largely to the high rate among childless married women 
whose rate is nearly 50 percent higher than the rate for single women. 
The rate for women with children is only 10 percent greater than the 
rate for single women. These data do not indicate that childbearing 
plays an important rdle in the development of cancer of the female 
genital organs. The results might be altered somewhat if data were 
available for uterine cancer alone, but since cancer of this site accounts 
for about 85 percent of all deaths from cancer of the female genital 
organs the death rate from cancer of the ovaries, vulva and vagina 
would have to be considerably higher among single than among married 
women to alter appreciably the rate shown in Table 2. 

During the childbearing ages, and immediately thereafter, however, 
the death rate from cancer of the female genital organs is definitely 
higher among married women with children than it is among single 
women. For specific ages the rates per 100,000 population are as 
follows : 


25-34 35-44 «45-54 55-64 55-74 75and 
over 


16.9 43.9 63.7 04.7 «©1088 
Married without children 4.0 30.3 69.6 89.1 131.9 85.6 
Married with children... 4.1 20.1 48.8 76.2 83.0 83.2 


For women from 25-64 years of age the death rates from cancer 
of the female genital organs are 17.4, 34.0, and 30.6 respectively for 
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single women, married women without children, and married women 
with children. Although the rate for single women in this age group 
is considerably less than the rate for married women, the married women 
without children have the highest rate of all. 

It is possible to obtain data which are approximately comparable 
to these for a 5-year period centered around the census data in 1933. 
Unfortunately information concerning the issue of married women was 
not collected at that census so that it is necessary to estimate the pro- 
portion of childless married women. This was done by assuming that 
the proportion of childless married women in the living population was 
the same as the proportion among the dead from all causes. This 
assumption is not strictly true since the death rate of the childless 
married women is slightly higher than the rate for the married women 
with children. Consequently the estimated number of living childless 
married women is somewhat too large so that the death rates from 
cancer will be lowered for the childless, but increased for the women 
with children. This error is not very important, but it should be borne 
in mind during the following discussion. The same procedure was used 
to estimate the proportion of childless married men. 

During the 5-year period 1931-1935, the mortality rates from cancer 
for single men and childless married men exceeded the corresponding 
rate for married men with children by about 15 percent. This agrees 
substantially with the results for the previous decade. Very little differ- 
ence existed between the rates for single and childless married men. 

The mortality rates for all forms of cancer of married women with 
children, single women, and childless married women were relatively 
100, 109, and 127. The three groups have the same rank order with 
respect to mortality from cancer as for 1919-23, but the relative differ- 
ences are somewhat greater. 

The relative indices of mortality from cancer of the breast, uterus 
and other female genital organs are: 
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Just as in 1919-23 the death rate from cancer of the breast for 
spinsters and childless married women definitely exceeded the rate for 
married women with children, the same is true for cancer of the female 
genital organs excluding the uterus; most of these deaths result from 
cancer of the ovaries. Deaths from cancer of these sites are only about 
5 percent of the total number of deaths from cancer among females, 
but the relative difference in the rates for women with and without 
children is larger than that for any other form of cancer. 

This large difference in mortality rates from cancer of the ovaries, 
vagina, and vulva undoubtedly accounts for the small difference in 
the rates for cancer of the entire genital system among spinsters and 
married women with children in 1919-23. Cancer of the uterus is 
definitely less frequent among single women than among married women 
with children, but childless married women have the highest rates of all. 
The latter was also true ten years previously. 

In summary it may be stated that the ameliorative effect of marriage 
upon health seems to be due to childbearing rather than to the fact 
of marriage itself, at least insofar as cancer is concerned. For both 
males and females, those who marry and have children are less likely 
to die from cancer than those who remain single, but those who marry 
and do not have children have the highest death rates. The death 
rates for married women with children are especially low relative to 
the rates for the other two groups for cancer of the breast and genital 
organs exclusive of the uterus. For cancer of the latter site single 
women have a rate about 20 percent less than the rate for married 
women with children, a relationship probably arising from the hazards 
of childbearing. But even for cancer of this site the childless married 
women have the highest rate. 

The primary purpose of this paper is to point out certain differences 
in the mortality from cancer among women with varying marital history ; 
it is not the intention at this time to attempt to explain these observed 
differences. Although the actual differences can be best established 
by statistical methods, the explanation of the differences must rest upon 
clinical observations. 

The actual process of bearing children almost certainly is not the 
sole explanation of the differences in mortality rates although it possibly 
plays an important role in the development of cancer of the cervix. 
Moreover, many of the married women who do not bear children are 
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probably involuntarily sterile and thus differ physiologically from 
married women who bear children. The extent to which physiological 
causes of sterility also affect the development of cancer is unknown 
and can be only speculated about at the present time. 
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ography of 2 titles.] 

Wetts, C. W. A tuberculosis case-finding demonstration in San José, Costa 
Rica. Am. Rev. Tuberc., 46: 179-186, 1942. [Bibliography of 8 titles.] 
Wetts, and Mitprep Weexs Wets. Air-borne infection as 
a basis for a theory of contagion. Am. Assoc. Advancement of Science, No. 

17: 99-101, 1942. [Bibliography of 14 titles.] 

Wueeter, STaFrorp M., and ALLAN R. Morton. Epidemiological observations 
in the Halifax epidemic. Am. J. Pub. Health, 32: 947-956, 1942. [Bibli- 
ography of 15 titles.] 

Wiicox, Armee. Manual for the Microscopical Diagnosis of Malaria in Man. 
Pub. Health Bull. No. 180. Washington, D. C. (Govt. Printing Office), 1942. 


Pp. ix + 39 + 13 plates. 30 cents (paper). [Bibliography of 38 titles.] 

Wuson, D. C., and E. M. Wmpowson. A Comparative Nutritional Survey of 
Various Indian Communities. Indian Medical Research Memoirs. Calcutta 
(Thacker, Spink and Co., Ltd.), 19042. Pp. vi + 119. 9% X 7% inches. 
Rs. 5-8-0 or 8s 3d. [Bibliography of 5% pages.] 


7. Natality, Fecundity, Fertility 
Breese, Gitpert WHEELER. Contraception and Fertility in the Southern Appala- 
cians. Baltimore (Williams and Wilkins Co.), 1942. Pp. xii + 274. 
8% X 5% inches. $2.50. 
Kiser, Cryp—E V. Group Differences in Urban Fertility. A Study Derived 
from the National Health Survey. Baltimore (Williams and Wilkins Co.), 
1942. Pp. ix + 284. 8% X 5% inches. $2.50. [Bibliography of 4 pages.] 


8. Birth Control 
[Vacant] 


9. Marriage and Divorce 


Becker, Howarp, and Revsen Hit [Eds.] in collaboration with Twenty-seven 
Contributors. Marriage and the Family. Boston (D. C. Heath and Co.), 


tion in 
imental 

titles.] 
liseases 
er iodic 
graphy 
Univ. 

of 1% 
Pub. 
spectos 
'p. (of 
culosis 
‘ol. 12, 
» Pe 
fection 
yptian 

J 
limen- 
p. (of 
ondon. 
shifts. 
Schick 
ey in 
t) 18. 

n the 
»bser- 


88 HUMAN BIOLOGY 


1942. Pp. xix + 663. 9% X 6 inches. $4.00. [“Selected Reading” for 
each chapter.] 


III. BEHAVIOR 
1. Racial and Genetic Psychology 


Gamio, MANUEL. Calificacién de caracteristicas culturales de los grupos indigerias, 
America Indigena, 2: 17-22, 1942. [English Summary.] 


2. Individual Psychology 


BenepeK. THERESE, and Borts RusensteIn. The Sexual Cycle in Women. 
The Relation Between Ovarian Function and Psychodynamic Processes, 
Psychosomatic Medicine Monographs, Vol. III, Nos. 1 and 2. Washington, 
D. C. (Nat. Res. Council), 1942. Pp. viii + 307. 10% X 6% inches. $3.50 
(paper). [Bibliography of 86 titles.] 

Caritton, THeEopore. A comparison of the revised Stanford-Binet Form L, 
with the Kuhlmann tests of mental development. J. Genet. Psychol., 61 : 47-54, 
1942. [Bibliography of 8 titles.] 

CuitrenpeN, Gertrupe E. An Experimental Study in Measuring and Modify- 
ing Assertive Behavior in Young Children. Monographs of the Society for 
Research in Child Development, Vol. 7, No. 1, Ser. No. 31. Washington, 
D. C. (Soc. Res. Child Develop.; Nat. Research Council), 1942. Pp. 87. 
9 X 6 inches. $1.00 (paper). [Bibliography of 2 pages.] 

FREDERIKSEN, NorMAN. The effects of frustration on negativistic behavior of 
young children. J. Gen. Psychol., 63: 203-226, 1942. [Bibliography of 12 
titles. ] 

Gesett, ArRNoLp, and Henry M. Hatverson. The daily maturation of infant 
behavior: a cinema study of postures, movements and laterality. J. Genet. 
Psychol., 61: 3-32, 1942. [Bibliography of 8 titles.] 

Jevurnex, E. M., and Maryjorre Bottes. The effects of bromides on certain 
psychological test performances. J. Psychol., 14: 277-293, 1942. [Bibliography 
of 28 titles.] 

Jounson, H. G. Does the gifted child have a low AQ? J. Educ. Research, 
36: 91-99, 1942. [9 bibliographic footnotes.] 

Lanois, CARNEY, and M. Marjorie Bottes. Personality and Sexuality of the 
Physically Handicapped Woman. New York and London (Paul B. Hoeber, 
Inc.), 1942. Pp. xii + 171. 9% X 6 inches. $3.00. [Bibliography of 1% 
pages.] 

Lerner, Evceng, and Lors Barctay Murpny. Methods for the study of 
Personality in Young Children. Monographs for Research in Child Develop 
ment, Vol. 6, No. 4. Ser. No. 30. Washington (Nat. Research Council), 
1941. Pp. xiii + 289. 9 X 6 inches. $2.00 (paper). 

Morey, Rozsert. Control by charm. J. Educ. Research, 36:1-6, 1942. |! 
bibliographic footnote.] 

Purp, B. R. Repetitive and alternative responses and sequences of errors it) 
the discrimination of color mass. J. Exper. Psychol., 31: 202-218, 1042. 
[Bibliography of 11 titles.] 
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Scumper, Paut. Mind: Perception and Thought in Their Constructive Aspects. 
New York (Columbia Univ. Press), 1942. Pp. xii + 432. 8% X 5% inches. 
$s.00. [Bibliography of 22 pages.] 

Spence, KennetH W. The basis of solution by chimpanzees of the intermediate 
size problem. J. Exper. Psychol., 31: 257-271, 1942. [Bibliography of 20 
titles.] 

STALNAKER, ExvizasetH M. A four year study of the freshman class of 1935 
at the West Virginia University. J. Educ. Research, 36: 100-118, 1942. 

TeLrorp, C. W., and W. F. Busiirz. An objective study of the informational 
needs of parents in child psychology. J. Gen. Psychol., 61: 181-201, 1942. 
[Bibliography of 7 titles.] 

VALENTINE, C. W. The Psychology of Early Childhood. A Study of Mental 
Development in the First Years of Life. London (Methuen andCo., Ltd.), 
1942. Pp. xvi + 557. 83 X 5% inches. 22s. 6d. net. [Bibliographic 
footnotes throughout.] 

Weaver, Hersert B. A study of discriminative serial action: manual response 
to color. J. Exper. Psychol., 31: 177-201, 1942. [Bibliography of 28 titles.] 


3. Psychiatry 


AseL, THEOopoRA M., and Exarne F. Kinper. The Subnormal Adolescent Girl. 
New York (Columbia Univ. Press), 1942. Pp. xii + 215. 8% X 5% 
inches. $2.50. [Bibliography of 16% pages.] 

Rorn, W. F., Jr. W. C. WmttaMs, and F. H. Luton. Relationship of mental 
hygiene to a local health department program. Am. J. Pub. Health, 32: 1005- 
1012, 1942. [Bibliography of 12 titles.] 

Stern, M., with the collaboration of Samue, W. Hamitton. Mental 
Illness: A Guide for the Family. New York (Commonwealth Fund), 1942. 
Pp. xvii + 134. 8% X 5% inches. $1.00. 

Trerze, CuristopHerR, Paut LemKavu, and Marcta Cooper. Personality disorder 
and spatial mobility. Am. J. Sociol., 48: 29-39, 1942. [Several bibliographic 
footnotes. ] 

Wuirte, Wrm1amM A. Thoughts of a Psychiatrist on the War and After. Wash- 
ington (William Alanson White Psychiatric Foundation, Inc.), 1942. [New 
York (Paul B. Hoeber) 1019.] Pp. v + 28. 10 X 7 inches. $1.50. 
[Bibliographic footnotes throughout.] 


4. History and Biography 


bE VicgHNe, Harry Cartos. The Time of My Life. A Frontier Doctor in 
Alaska. Philadelphia (J. B. Lippincott Co.), 1942. Pp. 336. 8% + 5% 
inches. $3.00. 

Devor, Atan. Lives Around Us. A Book of Creaturely Biographies. New 
York (Creative Age Press), 1942. Pp. 221. 7% X 5% inches. $2.00. 
Quiccrn, A. Hincston. Haddon the Head Hunter: A Short Story of the 
Life of A. C. Haddon. Cambridge (Cambridge Univ. Press), 1942. Pp. 

xii + 169. 7% X § inches. $1.75. [Bibliography of 14 pages.] 
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Smrrn, Ernest V. The Making of a Surgeon: A Midwest Chronicle. Fond 
du Lac, Wisc. (Berndt Printing Co.), 1942. Pp. 344. 9 X 5% inches. $3.00, 

Wayman, Dororny G. Edward Sylvester Morse. A Biography. Cambridge 
(Harvard Univ. Press), 1942. Pp. xvi + 457. 834 X 5% inches. $4.50. 


5. Sociology, Law, Politics and Religion 


BerpAHwL, CLARENCE A. Myths about the peace treaties of 1919-1920. Internat, 
Conciliation, No. 383; 411-422, 1942. 

Butter, NicHotas Murray. Moral law is the only sovereign. An address 
delivered at the opening of the 189th year of Columbia Univ. Sept. 23, 1942. 
New York (Columbia Univ. Press). Pp. (of reprint) 3. 

Butter, Nicnoras Murray. The age of the ‘Americas. Address at the Parrish 
Memorial Art Musuem, Southampton, L. I., Sept. 6, 1942. New York 
(Carnegie Endowment for International Peace), 1942. Pp. 13. 

Hutt, Corpert. Mutual-aid agreement between the United States and the Union 
of Soviet Socialist Republics. Internat. Conciliation, No. 382: 381-393, 1042. 

Mattery, Otro Top. Typical plans for postwar world peace. Internat. Concili- 
ation, No. 384: 431-454, 1042. 

Savy, Emm J. Native administration in America. America Indigena, 2: 23-28, 
1942. [Spannish Summary.] 

Suattoo, J. P., and Donatp Younc [Eds.]. Twenty-seven Contributors. Minor- 
ity Peoples in a Nation at War. The Annals of The American Academy of 
Political and Social Science, Vol. 223. Philadelphia (Amer. Acad. Polit. and 
Soc. Sci.), Sept. 1942. Pp. vii + 276. 9% X 6% imches. $2.50 (cloth); 
$2.00 (paper). [Bibliographic footnotes for most articles.] 

Wettes, Sumner. Mutual-aid agreement between the United States and the 
Union of Soviet Socialist Republics. Internat. Conciliation, No. 382: 394- 
400, 1942. 


6. Economics 


ANALES DE Economia y Estapistica. Revista de la Contraloria General de la 
Republica, 5. Colombia. No. 11, pp. 130; No. 12, pp. 83; No. 13, pp. 112. 
10% X 7% inches (paper). 

Brapy, DorotHy S., Day Monroe, Marcaret Perry, MAry RutH Pratt. 
Family Income and Expenditures: Southeast Region. Part I, Family 
Income. U.S. Dept. Agric. Misc. Pub. No. 464. Consumer Purchases Study. 
Farm Series. Washington, D. C. (Govt. Printing Office), 1941. Pp. vi + 
208. 914 X 5% inches. 35 cents (paper). 

Bureau oF THE Census. Washington, D. C. Financial statistics of cities: 1941. 
Various numbers of Volume 1 as follows: No. 1, Washington, D. C. July 
31, 1942. Pp. 7. 2, San Francisco; 3, Birmingham; 4, Kansas City, Mo.; 6, 
Tulsa; 7, Jersey City; 8, Indianapolis; 9, Des Moines; 10, Philadelphia; 11, 
Bridgeport; 12, Erie; 13, Reading; 14, Richmond; 15, Paterson; 16, Oakland; 
17, Los Angeles ; 18, Providence; 19, Elizabeth; 20, Rochester ; 21, Ft. Worth; 
22, New Haven. 
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Bureau or THE Census. Washington, D. C. Financial statistics of counties: 
1940. Finances of 29 selected counties for 1940. Sept. 1942. Pp. 35. 

Bureau or THE Census. Washington, D. C. Financial statistics of states: 
1941. Vol. 1: Individual state reports. No. 1, Pennsylvania, Sept. 30, 
1942. Pp. 8. Similar numbers as follows: 2, Tennessee; 3, Connecticut; 
4, Delaware; 5, Vermont; 6, Oklahoma; 7, Minnesota; 8, Mississippi; 9, 
New Hampshire; 10, Nebraska; 11, Arizona; 12, Alabama; 13, Virginia; 
14, Illinois; 15, Maine. 

Bureau or THE Census. Washington, D. C. Financial statistics of states: 
1941. Vol. 2: Analytical reports. No. 2. State automobile-user revenues 
in 1941. Sept. 30, 1942. Pp. 6.- 

Bureau oF THE Census. Housing. Washington, D. C. Monthly rent of 
dwelling units: 1940. Ohio. Series H-8, No. 43. Sept. 25, 1942. Pp. 2. 
Similar issues for the remaining states have been issued. 

BureAU oF THE Census. Housing. Washington, D. C. Housing facilities and 
equipment: 1940. Texas. Series H-9, No. 44. Sept. 30, 1042. Pp. 2. 
Similar issues for the remaining states have been issued. 

Bureau oF THE Census. Housing. Washington, D. C. Characteristics of 
residential structures and dwelling units: 1940. Maine. Series H-10, No. 
40. Oct. 1, 1942. Pp. 2. Similar issues for the remaining states have been 
issued. 

Bureau or THE Census. Housing. Washington, D. C. WHousing character- 
istics and home equipment: 1940. Denver Metropolitan District. Series 
H-12, No. 16, Oct. 5, 1942. Pp. 2. Similar issues for 71 additional districts 
have been issued. 

Bureau oF THE Census. Housing. Washington, D. C. Dwelling units by 
number of rooms and number of persons per room in the north, south, and 
west, urban and rural: 1940. Series H-13, No. 7. Oct. 3, 1942. Pp. 4. 

8. Size of household in the north, south, and west, urban and rural: 1940. 
Oct. 10, 1942. Pp. 4. 

9. Home radios in white and nonwhite households, by states: 1940. Nov. 
19, 1942. Pp. 1. 

10. Dwelling units by type of structure in the north, south, and west, urban 
and rural: 1940. Dec. 3, 1942. Pp. 2. 

BurEAU OF THE CENSUs. Property taxation: 1941. State and Local Govern- 
ment Special Study No. 22. Washington, D. C. Sept. 1942. Pp. 55. 

NatTionaL Resources PLANNING Boarp. Tax delinquency and rural land-use 
adjustment. Washington, D. C. (Govt. Printing Office), 1942. Pp. 190. 
10% X 8 inches. 50 cents (paper). [Bibliographic footnotes.] 

NATIONAL Resources PLANNING Boarp. Area analysis—a method of public 
works planning. Washington, D. C. (Govt. Printing Office), 1942. Pp. 
30. 10% X 8 inches. 15 cents (paper). 

NationaL Resources PLANNING Boarp. Transportation and National Policy. 
Washington, D. C. (Govt. Printing Office), 1942. Pp. xi + 513. 11% X 
9 inches. $1.25 (paper). 
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7. Education 


Benes, Epuarp, and Others. The Teacher of Nations. Addresses and Essays 
in Commemoration of the Visit to England of the Great Czek Educationalist 
Jan Amos Komensky Comenius 1641-1941. Edited by Joseph Needham, 
with a Chronological Table Showing the Events in the Life of Comenius 
by R. Fitzgibbon Young and a Select Bibliography of the Works of Comenius 
By Anna Heyberger (translated by Corinne Barham). Cambridge (Cam- 
bridge Univ. Press), 1942. Pp. iv + 99. 8% X 5% inches. $1.75. [Bibli- 
ography of 10 pages.] 

Brown, Jupson Setse. Factors determining conflict reactions in difficult discrim- 
inations. J. Exper. Psychol., 31: 272-292, 1942. [Bibliography of 16 titles.] 

Davies, P. A. College students’ interest in biology. J. Educ. Research, 36: 7-15, 
1942. [1 bibliographic footnote.] 

Kiernscumipt, Eart E. Opportunities for the Preparation of Teachers in Health 
Education. A Survey of 20 Teachers Colleges. U. S. Office of Education 
Bull. 1942, No. 1. Washington, D. C. (Govt. Printing Office), 1942. Pp. 
vii + 117. 9 X 5% inches. 20 cents (paper). [Bibliographic footnotes 
throughout.] 

Orata, Pepro T. Occupational information and guidance bibliography 19309. 
Vocational Div. Bull. No. 218. U.S. Office of Education, Washington, D. C. 
(Govt. Printing Office), 1941. Pp. vii + 388. 9 X 5% inches. 40 cents 
(paper). 

REIMANN, STANLEY P. The teaching of oncology. Growth, 6: 273-340, 1042. 
[Bibliography of 84 titles.] 

Rippte, Oscar. Barriers to effective teaching of secondary school biology. 
Making Science Instruction More Worthwhile (1941 Yearbook of the Depart- 
ment of Science Instruction of the National Education Association), 20-27, 
1942. 

Rippie, Oscar [Ed.], F. L. Frrrzpatricx, H. B. Grass, B. C. Gruensere, D. F. 
Miter, and E. W. Srnnotr. The Teaching of Biology in Secondary Schools 
of the United States. A Report of Results from a Questionnaire. Committee 
on the Teaching of Biology of the Union of American Biological Societies. 

1942. Pp. 76. 


8. Ethnology, Cultural Anthropology, Travel and Exploration 


Apa, R. P. Jérome. Nouvel extrait du Folklore du Haut-Ogooué. Anthropos, 
35-36: 131-152, 1942. 

Atiert, RapamMés A. Sobre 11 antiguos Kipu peruanos. Instituto de Antro- 
pologia de Tucumén. 2, No. 8: 177-211, 1941. [Several bibliographic foot- 
notes. ] 

AUFINGER, VON P. Axpert. Siedlungsform und Hauserbau an der Rai-Kiiste 
Neuquineas. Anthropos, 35-36: 109-130, 1942. 

British Museum (Natura History). Expedition to South-West Arabia 

1937-8. Vol. I, Nos. 1-8. London (British Mus. Nat. Hist.), 1941. Pp. xiv 

+ 66 + 3 plates. 7s. 6d, (paper). [Bibliography for some of the articles.] 
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CasTeTTeR, Epwarp F., and Wiis H. Bett. Prima and Papago Indian Agri- 
culture. Inter-American Studies I. Albuquerque (Univ. New Mexico Press), 
1942. Pp. xv + 245. 9 X 6 inches. $3.50. [Bibliographic footnotes and 
bibliography of 6 pages.] 

Count, Ear: W. Red and black: a survey and a query. Anthropos, 35-36: 
67-77, 1942. [37 bibliographic footnotes.] 

Etwin, Verrier. A pair of drums, with wooden figures, from Bastar State, 
India. Man, 42:97 + 1 plate, 1942. 

Emsree, Epwin R. American Negroes. A Handbook. New York (John Day 
Co.), 1942. Pp. 78. 7% X 5 inches. $1.00. [Bibliography of 4 pages.] 
Huntincrorp, G. W. B. Azania. Anthropos, 35-36: 209-220 + I map, 1942. 

[Bibliography of 7 titles.] 

Koprers, W. Bhagwan, the supreme deity of the Bhils. A contribution to the 
history of Indian and Indo-Religions. Anthropos, 35-36: 264-325, 1942. [159 
bibliographic footnotes.] 

KrtecerR, Hersert W. Peoples of the Philippines. Smithsonian Institution War 
Background Studies Number Four. Publication 3694. Washington (Smith- 
sonian Inst.), 1942. Pp. 86 + 24 plates. 9 X 6 inches (paper). [Bibli- 
ography of 3% pages.] 

LayarD, JoHN. Stone Men of Malekula. The Small Island of Vao. London 
(Chatto and Windus), 1942. Pp. xxiii + 816. 10 X 6% inches. 50s. net. 
[Bibliography of 4% pages.] 

Montacu, M. F. AsHiey. Man’s Most Dangerous Myth: The Falacy of 
Race. Foreword by Aldous Huxley. New York (Columbia Univ. Press), 
1942. Pp. vii + 216. 73% X 5% inches. $2.25. [Bibliography of 10% 
pages.] 

Orrner, Luts M. Apuntes sobre una tribi salvaje que existe en el Oriente de 
Bolivia. Anthropos, 35-36: 100-109, 1942. 

Vorcetin, Erminre W. Culture Element Distributions: XX. Northeastern 
California. Anthropological Records, Vol. 7, No. 2. Berkeley (Univ. of 
Calif. Press), 1942. Pp. 47-251 + 1 map. $2.25 (paper). [Bibliography 
of 28 titles.] 

von Georc. Verstreute ethnographische Notizen iiber Neuguinea. 
Anthropos, 35-36: 1-67, 1942. [25 bibliographic footnotes.] 

Warnweicut, G. A. The coming of iron to some African peoples. Man, 42: 
103-108, 1942. [29 bibliographic footnotes.] 


IV. SOMATOLOGY AND CONSTITUTION 
1. Anatomy 
Brito, A. Da Rocua. As primeiras dissecgées humanas na universidade de 
Coimbra. O primeiro teatro anatémico. Folia Anat. Univ. Conimb. 
(Portugal), 17: pp. 16 + 2 plates, 1942. 
GoopMan, Jack L. Changes in size and contour of thorax during first postnatal 
week. Am. J. Dis. Child., 64: 674-679, 1942. [14 bibliographic footnotes.] 
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Gray, Henry. Anatomy of the Human Body. 24th ed. Edited by Warren H. 
Lewis. Philadelphia (Lea and Febiger), 1942. Pp. 1428. 10% X 6% inches, 
$12.00. [Bibliography for each chapter.] 

Hameurcer, Vixtor. A Manual of Experimental Embryology. Chicago (Univ. 
of Chicago Press), 1942. Pp. xvii + 213. 9% X 6% inches. $2.50. [Bibli- 
ography for each section.] 

Hroiitxa, Are’. Catalogue of Human Crania in the United States National 
Museum Collections: Eskimo in General. Proc. U. S. Nat. Mus., Vol. 
o1, No. 3131. Washington (Smithsonian Inst.), 1942. Pp. 160-429. 9% 
X 5% inches. 

Hyman, Lissre Henrietta. Comparative Vertebrate Anatomy. Chicago 
(Chicago Univ. Press), 1942. Pp. xx + 544. 9% X 6% inches. $3.50. 
[Bibliography for each chapter.] 

Jones, Freperick Woop. The Principles of Anatomy as Seen in the Hand. 
2d ed. Baltimore (Williams and Wilkens Co.), 1941. Pp. x + 415. 9% 
X 6 inches. $7.50. [Bibliography for each chapter.] 

Moniz, Ecas. Sobre a identificacio angiografica das artérias e veias do cerebelo. 
Folia Anat. Univ. Conimb. (Portugal), 17: pp. 9 + 6 plates, 1942. 

Tompson, D’Arcy WentwortH. On Growth and Form. A New Edition. 
Cambridge (Univ. Press); New York (Macmillian Co.), 1942. Pp. 1116. 
8% X 5% inches. $12.50. [Bibliographic footnotes throughout.] 

Watts, Grorce Lynn. The Vertebrate Eye and Its Adaptive Radiation. Cran- 
brook Institute of Science Bulletin, No. 19. Bloomfield Hills, Mich. (Cran- 
brook Press), 1942. Pp. xvi + 785. 9 X 6 inches. $6.00. [Bibliography 
of 24 pages.] 


2. Physical Anthropology and Anthropometry 


Constanz6, Maria pe Las Mercepes. Antropologia calchaqui. La coleccién 
Zavaleta del Museo Argentino de Ciencias Naturales <<Bernardino Rivad- 
avia>>. Instituto de Antropologia de Tucumén. 2: No. 9, 213-308, 1942. 
[Bibliography of 115 titles.] 

Count, Eart W. The Australoid Problem and the people of America. A 
consideration of the three cardinal cranial dimensions. Instituto de Antro- 
pologia de Tucumén. 2, No. 7: 121-176, 10941. [Several bibliographic 
footnotes. 

Linc, Binc-Cuunc. A genetic study of sustained visual fixation and associated 
behavior in the human infant from birth to six months. J. Gen. Psychol. 
61: 227-277, 1942. [Bibliography of 30 titles.] 

Martens, Evizanetu J., and Howarp V. Merepitx. Illness history and physical 
growth. I. Correlation in junior primary children followed from fall to 
spring. Am. J. Dis. Child., 64: 618-630, 1942. [28 bibliographic footnotes.] 

Stuart, Harotp C., and PeneLorpe Hit Dwinett. The growth of bone, muscle 
and overlying tissues in children six to ten years of age as revealed by 
studies of roentgenograms of the leg area. Child Development, 13: 195-213, 
1942. [Bibliography of 3 titles.] 
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Wise, Farrve C., and Howarp V. Merepirx. The physical growth of Alabama 
white girls attending WPA preschools. Child Development, 13: 165-174, 
1942. [Bibliography of 9 titles.] 


3. Constitution 


[Vacant] 


Vv. PHYSIOLOGY AND BIOCHEMISTRY 
1. Physiology 


Bates, Rosert W., Laanes, E. C. MacDowe.t, and Oscar RIppLe. 
Growth in silver dwarf mice, with and without injections of anterior pituitary 
extracts. Endocrinology, 31: 53-58, 1942. [Bibliography of 6 titles.] 

Bourne, Georrrey. Nutrition and the War. 2d ed., revised and enlarged. Cam- 
bridge (Univ. Press), 1942. Pp. 148. 7% X 4% inches. $1.50. 

Corner, Georce W. The Hormones in Human Reproduction. Princeton (Prince- 
ton Univ. Press), 1942. Pp. xix + 265. 8% X 5% inches. $2.75. 

Davis, R. C. The pattern of muscular action in simple voluntary movement. 
J. Exper. Psychol., 31: 347-366, 1942. [Bibliography of 23 titles.] 

ErHerepcGe, Maupe Lee. Health Facts for College Students. A Textbook of 
Individual and Community Health. 4th ed., revised and enlarged. Foreword 
by Ray Lyman Wilbur. Philadelphia (W. B. Saunders Co.), 1942. Pp. 
xiii + 370. 7% X 5% inches $2.25. [Bibliography of 6 pages.] 

Hirst, G. K. Adsorption of influenza hemagglutinins and virus by red blood 
cells. J. Exper. Med., 76: 195-209, 1942. [Bibliography of 8 titles.] 

Hurtcuens, Joun O., A. K. Kettcn, M. E. Kraut, and G. H. A. Crowes. 
Studies on cell metabolism and cell division. VI. Observations on the 
glycogen content, carbohydrate consumption, lactic acid production, and 
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